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OBSEEVATIONS    ON   THE    CYSTS    OF   ENTAMOEBA 
TETBAGENA  * 

S.  T.  DARLING,  M.D. 

ANCON,   C.    Z. 

When  we  consider  the  medical  history  of  Panama  with  reference  to 
the  origin  of  its  population,  the  negroes  from  Africa  and  possibly  the 
Pacific  Islands,  Chinese,  introduced  by  the  French  Canal  Company; 
Coolies,  Sikhs  and  Bengalis  from  India,  besides  those  representatives  of 
the  Caucasian  race  who  have  come  from  every  portion  of  the  tropical  and 
subtropical  world,  Americans  from  the  Philippines,  various  globe-trotters 
and  '"'tropical  tramps,"  we  naturally  expect  to  encounter  here  some  of 
the  diseases  especially  characteristic  of  other  lands,  and  we  are  not 
surprised  to  find  that  echinococcus  infections  are  confined  strictly  to 
Spanish  laborers.  Infection  by  Taenia  nana  and  T.  saginata  occurs 
among  Europeans  and  Americans.  Bilharziosis  comes  almost  exclusively 
from  the  French  West  India  Islands,  Filaria  demarqnai  in  negroes  from 
St.  Vincent,  Old  World  hookworms,  A.  duodenale,  among  the  West 
Indians,  possibly  introduced  there  by  coolies.  Trichinosis  has  been 
detected  only  among  the  Spanish  (from  Spain). 

Some  of  these  diseases  are  absolutely  confined  to  the  races  or  nation- 
alities mentioned,  because  the  local  environment  here  is  quite  unsuited 
for  their  transmission  to  the  native  population.  For  example,  there  is 
no  instance  of  any  kind  of  tapeworm  or  fluke  infection  among  the  native 
population.  It  is  otherwise,  however,  with  hookworm  disease.  For  the 
Old  World  worm  is  now  found  in  many  of  the  West  Indians  and  in  some 
Panamanians. 

If  a  sailor  infected  with  aestivo-autumnal  malaria  from  the  west  coast 
of  Africa  should  liave  a  sufficient  number  of  gametes  in  his  peripheral 
blood  on  arriving  here,  and  be  bitten  by  Anopheles  alhimanus,  60  per 
cent,  of  the  mosquitoes  would  become  infected  and  miglit  later  transmit 
the  disease  to  others ;  the  secondary  cases  would  clinically  conform  to  the 
local  type  of  malaria,  and  there  would  be  no  difi'erence  in  morphology 
between  the  plasmodia  and  those  in  cases  seen  here. 


^Manuscript  submitted  for  publication  in  The  Akchives  Sept.  25,  1912. 
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Ii  we  compare  too,  the  pathological  features  of  those  native  diseases 
which  are  also  found  elsewhere  in  the  tropical  world,  we  find  that  they 
are  practically  identical.  Oriental  sore,  black-water  fever,  yellow  fever, 
leprosy  and  malaria  present  the  same  features  wherever  encountered. 

To  the  practiced  eye  of  the  pathologist  there  is  something  s])ecific 
about  the  appearances  of  the  lesions  caused  by  the  pneumococcus,  tubercle 
bacillus  and  meningococcus,  when,  for  example,  the  meninges  are 
involved,  and  a  histological  examination  of  tissue  confirms  the  opinion 
based  on  the  gross  appearances.  It  is  usually  possible  by  a  mere  inspec- 
tion of  a  temperature  chart  to  distinguish  from  each  other  cases  of 
relapsing  fever  caused  by  Sp.  recurrentis,  Sp.  duttoni  and  8p.  novyi.  If 
these  premises  are  true,  then  if  there  be  more  than  one  variety  of  path- 
ogenic entamebic  infection  it  may  be  presumed  that  the  cosmopolitan 
population  of  Panama  would  sooner  or  later  disclose  some  evidence  of 
the  different  types.  For  the  disease  requires  no  specific  transmitting 
agent,  but  infection  follows  in  the  same  way  as  typhoid  fever  or  bacillary 
dysentery.  We  should  expect  to  find  at  least  the  two  alleged  types 
described  elsewhere,  and  we  should  expect  to  find  some  sufficiently  well- 
marked  differences  in  the  lesions  caused  by  the  two  species  of  entamebas. 
Such  is  not  the  case,  however.  In  my  autopsies  at  Ancon  Hospital  during 
the  past  seven  years,  the  entamebic  lesions  have  presented  a  characteristic, 
unique  and  innarying  pathology,  and  these  lesions  have  the  same  char- 
acter as  those  described  from  the  Philippines  and  other  tropical  countries, 
if  we  are  to  Judge  from  the  descriptions  and  illustrations  in  the  literature 
on  the  subject,  and  the  opinions  of  medical  men  with  a  Philippine 
experience  who  have  seen  the  cases  here. 

If  Ave  consider  some  of  the  protozoal  diseases  infecting  man  and 
animals,  we  may  note  that  their  sexual  or  perpetuating  forms  offer  no 
difficulty  of  detection.  Gametes  of  malaria  may  be  found  in  almost  every 
untreated  case  of  malaria  when  carefully  looked  for.  In  coccidiosis  of 
animals  the  oocysts  are  always  in  evidence  in  the  stools.  Cysts  of  Lamhia 
intestinalis,  Trichomonas  vagi7iaUs  and  other  intestinal  parasitic  flagel- 
lates are  easily  detected  in  the  stools  in  cases  of  infection  by  their 
respective  flagellated  forms.  Cysts  of  Entamoeba  coli  may  be  found  in 
every  case  of  infection  by  this  entameba,  and  cysts  of  Entameba  tetragena 
may  also  be  found  when  specially  looked  for,  in  untreated  cases  not  fatal, 
in  imperfectly  treated  cases  and  in  chronic  cases,  as  well  as  in  some  cases 
before  a  relapse. 

Is  it  not  strange  that  the  repi'oductive  cycle  of  E.  hidohjiica  showing 
the  formation  of  spores  by  budding  has  been  so  rarely  seen  ?  Schaudinn^ 
described  it  from  a  case  of  dvsentery  contractcMl  in  China,  and  Craiij-  has 


1.  Schaudinn:  Arb.  a.  d.  k.  Gsndhtsamte,  1903,  xix,  .547. 

2.  Craig:   Am.  Med.,  Phila.,  1905,  ix,  8.54.  897,  037. 
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confirmed  Schaudinn's  findings,  while  Hartmann,^  who  has  examined 
some  of  Schandinn's  original  preparations  of  E.  histolytica,  is  of  the 
opinion  that  most  of  them  are  E.  tetragena.  Practically  all  other 
observers  of  E.  liistolytica  have  had  to  content  themselves  with  descrip- 
tions of  the  trophozoites  of  the  large  vegetative  forms,  or  of  the  smaller 
forms,  and  on  these  they  have  based  their  determination  of  species. 

If  we  make  a  careful  study  of  the  entamebas  found  in  our  cases  of 
dysentery  and  liver  abscess  using  a  technic  which  brings  out  as  well  as 
possible  the  morphological  features  in  the  nucleus  of  the  trophozoites  and 
in  the  cysts,  we  can  be  of  no  other  opinion  than  that  there  is  but  one 
pathogenic  entameba  and  that  one  is  E.  tetragena. 

We  have  too  long  been  biased  by  the  posthumous  influence  of  Schau- 
dinn.  We  have  used  too  carelessly  the  Eomanowsky  stain  with  dry-fixed 
films  for  the  identification  of  entamebas.  We  have  been  content  to  base 
our  diagnosis  on  observations  limited  to  the  large  trophozoite  found  in  the 
stools  in  dysentery  and  in  pathological  tissue  and  to  call  the  tropho- 
zoite "E.  liistolytica."  We  have  neglected  to  follow  our  cases  during  and 
after  recovery,  and  we  have  failed  to  observe  in  neglected  cases  the  forms 
representing  the  perpetuating  phase  of  E.  tetragena,  namely,  the  small 
generation  and  the  cysts,  both  of  which  have  been  overlooked  or  have 
been  mistaken  for  Entamoeha  coli  and  monad  cysts. 

We  should  give  attention  to  the  work  of  Hartmann,  who,  with  bis 
pupils,  has  established  the  fact  that  the  common  pathogenic  entameba  of 
all  tropical  and  subtropical  lands  is  E.  tetragena. 

While  collecting  and  studying  specimens  of  entamebas  from  clinical 
cases  and  autopsy  material  in  Panama,  I  have  had  very  little  difficulty 
in  observing  nearly  the  complete  developmental  cycle  of  E.  tetragena, 
but  an  insurmountable  difficulty  has  been  encountered  in  attempting 
to  discover  the  first  trace,  in  any  of  the  entamebas  seen  here,  of  a 
developmental  pliase  such  as  that  described  by  Schaudinn  and  Craig, 
and  I  am  forced  to  the  conclusion  that  E.  liistolytica  is  not  present  in 
Panama;  and  influenced  by  the  researches  of  Hartmann  and  Wliitmore, 
by  Walker's  recent  work  in  Manila,  in  connection  with  my  own  observa- 
tions on  tetragena  cysts  in  the  moist-chamber,  and  by  animal  experi- 
ments, I  am  inclined  to  doubt  whether  it  has  ever  existed  anywhere. 

Great  as  Schaudinn  undoubtedly  was  as  a  protozoologist  gifted 
with  a  wonderfully  penetrating  mind  in  the  observation  of  the  life 
histories  of  protozoa,  skilled  in  the  difficulties  of  technic  and  possess- 
ing a  scientific  imagination  of  wonderful  power  in  interpreting  phe- 
nomena in  his  field,  there  is  a  steadily  growing  opinion  that  he  made 
a  number  of  errors.      Xovy  has  advanced   reasons   for  believing   that 


3.  Hartmann:  Lebrbuch  d.  Protozoenkunde   (Prowazek),  Bartb,  1911. 
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Schaudinn  was  mistaken  with  regard  to  the  life  history  of  Trypanosoma 
nociiia,  and  Hartmanu  as  mentioned  above  believes  that  he  was  misled 
by  degeneration  forms  in  describing  E.  histolytica. 

Schaudinn  studied  the  peculiar  forms  from  which  he  described 
E.  histolytica  in  but  one  single  case  of  entamebic  dysentery,  and  his 
interpretations  have  been  accepted  and  applied  to  many  cases  elsewhere 
by  several  observers.  If  E.  histolytica  be  the  common  entameba  of 
tropical  lands  as  we  have  hitherto  supposed,  it  is  extraordinary  that  so 
little  testimony  has  been  adduced  in  evidence  that  this  entameba  has 
existed  in  any  other  person  than  Schaudinn's  Chinese  case.  It  is  true  that 
Craig  has  confirmed  Schaudinn's  work  in  connection  with  the  develop- 
ment of  entamebas  by  spores.  But  Craig's  illustrations  indicate  that 
some  at  least  of  the  forms  drawn  by  him  as  E.  histolytica  were 
E.  telragena  and  that  his  technic  was  not  calculated  to  bring  out  such 
distinctions  as  are  necessary  for  the  purpose.  In  studying  the  spore 
formation  of  E.  histolytica,  Craig  seems  to  have  relied  on  dried*  films 
stained  by  a  modification  of  the  Eomanowsky  stain.  If  one  collects 
from  the  literature  the  illustrations  of  "E.  histolytica"  and  of  E. 
tetragena  and  compares  them  it  will  be  seen  at  once  that  the  writers 
have  been  calling  E.  histolytica  the  large  trophozoites  seen  in  dysenteric 
stools;  these  frequently  display  no  karyosome  but  they  can  be  demon- 
strated as  E.  tetragena  by  animal  inoculation  or  by  the  history  of  the 
case.  On  the  other  hand  the  illustrations  of  E.  tetragena  show  that 
the  writers  have  been  dealing  with  the  reduced  forms  or  small  genera- 
tion ^hich  are  the  lineal  descendants  of  the  large  trophozoites.  Elmassian 
indeed,  a  trained  protozoologist,  working  with  the  reduced  form  of 
E.  tetragena,  described  it  as  "E.  minuta,"  a  distinct  species. 

The  importance  of  Craig's  work  is  in  insisting  on  the  truth  that 
there  are  two  parasitic  entamebas  for  man,  E.  coli  and  a  pathogenic 
form,  and  we  owe  to  him  a  considerable  debt  of  gratitude  for  this 
work,  for  he  was  for  years  the  chief  if  not  the  sole  influence  in 
America  opposed  to  the  sincerely  advocated  but  pernicious  views  of 
the  culturalists,  or  those  who  believed  (in  fact  some  still  believe)  that 
the  pathogenic  entameba  may  be  cultivated  on  protozoal  agar. 

The  subject  is  of  more  than  academic  importance,  for  now  that 
Hartmann  has  established  the  wide-spread  distribution  of  E.  tetragena 
and  all  our  cases  of  dysentery  here  are  caused  by  the  same  entameba, 
we  should  begin  at  once  the  investigation  of  some  of  the  important 
questions  vital  to  this  disease,  such  as  the  viability  of  E.  tetragena  cysts 
in  the  outside  world;  the  conditions  in  the  host  which  lead  to  the  pro- 


4.  In  a  strain  of  E.  tetragena  from  kittens  I  found  artefacts  in  certain  films 
that  had  been  dry-fixed  and  stained  by  Roraanowsky.  These  might  easily  have 
been  described  as  the  budding  forms  and  spore  formation  of  E.  histolytica. 
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duction  of  cysts;  the  influence  of  medication  on  cyst  production;  the 
susceptibility  of  domestic  animals  to  infection  and  their  agency  as 
carriers;  and  the  number  and  kind  of  cysts  necessary  to  infect.  It  is 
this  aspect  of  the  question  that  is  of  greatest  importance. 

It  would  seem  that  infection  in  man  occurs  through  the  mouth  by 
the  ingestion  of  cysts.  In  two  recent  cases  a  cook  and  a  child  in  the 
family  who  harbored  cysts  appeared  to  be  the  carriers.  The  individual 
with  acute  symptoms  of  dysentery  is  not  usually  infectious,  for  he  is 
merely  harboring  the  large  vegetative  form,  which,  to  judge  from  the 
results  of  animal  experiments,  is  digested  and  cannot  serve  to  infect. 
It  is  the  unsuspected  individual  who  has  recovered  from  an  attack  and 
who  may  have  formed  stools  or  possibly  diarrhea,  whose  stools  contain 
cysts  that  is  the  carrier  of  infection.  The  importance,  therefore,  of 
examining  stools  of  recovered  patients,  and  in  fact  all  clinical  cases,  as 
well  as  of  persons  in  contact  with  clinical  cases  of  dysentery,  for  the 
detection  of  carriers,  is  very  great.  I  have  detected  cysts  in  several 
individuals  in  whom  they  were  unsuspected.  The  commonest  location 
for  entamebic  lesions  in  our  cases  here  lias  been  the  cecum.  Cases  of 
this  type  may  give  no  evidence  of  infection  other  than  colicky  pains 
in  that  region,  but  they  are  undoubtedly  fertile  carriers  of  cysts.  The 
stools  of  cyst-carriers  are  usually  solid  and  contain  no  dysenteric 
elements — one  of  the  reasons  why  tetragena  cysts  have  been  so  long 
overlooked  or  misinterpreted. 

The  cysts  are  round,  refractive  bodies  about  15  microns  in  diameter. 
They  have  no  doubt  been  mistaken  for  monad  cysts,  but  may  be  differ- 
entiated from  them  by  the  fact  that  the  latter  vary  a  good  deal  in 
size,  are  either  smaller  or  larger,  and  have  crescentic  margins.  The 
cysts  may  be  seen  in  fresh  preparations  to  have  one,  two,  or  four  nuclei; 
some  have  refractile  blocks  of  chromidia.  When  the  cysts  are  quite 
homogeneous  in  the  fresh  stool,  they  will  after  exposure  to  the  moist 
chamber  or  in  vaselined  films  become  differentiated  in  a  day  or  two 
so  that  one,  two,  or  four  nuclei  may  be  seen.  In  some  preparations 
after  several  days  in  the  moist  chamber  it  is  possible  to  note  that  the 
cysts  contents  are  ameboid,  and  rarely,  if  one  is  fortunate,  the  emergence 
of  amebulae  may  be  noted.  AVhen  it  is  desired  to  stain  them,  films 
should  be  made,  wet-fixed  and  stained  with  hematoxylin. 

The  mode  of  treatment  appears  to  have  a  very  important  relation 
to  cyst  production.  I  have  observed  cysts  in  several  chronic  and 
untreated  cases  and  in  a  patient  treated  by  means  of  rectal  injections 
which  probably  did  not  reach  the  lesions  higher  up;  but  I  have  detected 
cysts  in  only  one  case  in  twenty-eight  that  had  been  treated  by  means 
of  very  large  doses  of  bismuth  subnitrate.  In  these  cases  the  stools 
contained  from  9  to  10  per  cent,  by  weight  of  bismuth  subnitrate.     It 


6  THE     ARCHIVES     OF     I^'TERNAL     MEDICINE 

would  appear  that  when  most  cases  of  eutamebic  dysentery  are  treated 
energetically  by  this  medicament,  the  vegetative  or  large  pathogenic 
generation  is  at  once  removed,  leaving  none  to  propagate  the  small 
generation  from  which  the  cysts  arise. 

Cases  treated  energetically  by  oral  medicaments  may  fail  to  disclose 
cysts,  for  the  vegetative  entamebas  do  not  have  time  to  develop  a 
resistant  small  generation  with  cysts.  This  is  analogous  to  the  destruc- 
tion of  all  malarial  merozoites  by  means  of  large  doses  of  quinin  at 
the  beginning  of  an  attack  and  thus  killing  all  the  potential  gametes. 

The  investigations  of  Hartmann,^  Viereck,®  Werner"  and  Wliitmore* 
have  shown  the  wide-spread  distribution  of  E.  tetragena  as  a  cause  of 
entamebic  dysentery.  The  paucity  of  evidence  which  we  possess  on 
the  subject  of  the  perpetuating  forms  of  E.  histolytica;  and  the  likeli- 
hood of  E.  tetragena  being  the  chief,  if  not  the  sole,  cause  of  entamebic 
dysentery  in  man,  leads  me  to  report  these  observations,  for  I  am 
unaware  of  any  published  records  of  observations  on  the  fate  of  E. 
tetragena  in  the  outside  world.  Material  from  three  cases  has  been 
studied. 

CASE  EEPORTS 

Case  1. — Hospital  Xo.  105.730.  This  case  was  the  first  one  positively  identified 
here  as  an  infection  by  E.  tetragena.  The  patient  was  admitted  Sept.  5,  1911. 
It  was  his  first  time  in  the  hospital.  His  complaints  were  referable  to  an  infection 
by  malarial  plasmodia  which  were  found  in  his  blood.  He  stated  that  his  bowels 
were  regular.  He  remained  in  the  hospital  fourteen  days,  received  3  grains  of 
calomel  and  three  doses  of  magnesium  sulphate.  The  total  number  of  stools  for 
the  period  was  51,  an  average  of  3.6  daily.  On  one  occasion  it  was  noted  that 
pus  was  found  in  the  stool;  this  was  on  September  14.  On  September  8  many 
small  entamebas  (Fig.  10)  were  detected  in  the  stool  and  these  I  identified  as 
E.  tetragena.  The  patient  was  discharged  September  19,  and  returned  to  work. 
In  this  case  there  is  no  history  of  dysentery.  Evidently  the  lesion  in  the  colon 
was  high  up;  most  probably  in  the  cecum. 

The  stool  of  November  13  contained  trophozoites,  schizonts  and  cysts,  and  in 
stained  specimens  four  nucleated  cysts  were  detected. 

Through  the  kindness  of  Drs.  Connor  and  Weinberg  I  obtained  specimens  of 
the  man's  stool  after  he  had  returned  to  work.  The  stools  were  solid  but  contained 
many  small  tetragena  cysts.  All  of  those  observed  were  homogeneous,  for  nuclei 
and  chromidial  blocks  could  not  be  detected  in  the  fresh  specimen.  Cultures  on 
protozoal  agar  and  tap  water  broth  were  entirely  negative  for  trophozoites,  and 
cysts  disappeared  completely  from  the  stools  and  cultures  within  seven  days. 

On  November  13  vaselined  coverslip  preparations  were  made  with  the  fresh 
stool.  The  cyst  contents  appeared  perfectly  homogeneous,  nuclei  and  chromidial 
blocks  were  not  seen.     Novemljer  14  the  interior  of  the  cysts  had  become  coarsely 


.5.  Hartmann:    Handbucli    <1.    Path.    Protozoen     (Prowazek).    Earth,   Leipzig, 
1911,  Installment  1. 

6.  Viereck:   Studien  iiber  die  in  den  Tropen  ewarhene  Dysenterie,  Beihefts  z. 
Arch.  f.  Schiffs-  u.  Tropenhygien,  1907,  No.  11. 

7.  Werner:  Studien  iiber  pathogene  Amobcn.   Beihefte  z.  Arch.  f.  Tropen-  rmd 
Schifi'shygiene.   1908,  xii,   part  II. 

8.  Whitmore:  Arch.  f.  Proteitonkunde,  1911,  xxiii  1;  Centralbl.  f.  Bakteriol., 
Grig.,  1911,  Iviii,  234. 
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granular.  November  15  many  of  the  cysts  were  seen  to  have  four  nuclei  imbedded 
in  finely  granular  protoplasm.  November  18  there  was  a  space  between  the  cyst 
capsule  and  the  granular  central  mass.  The  latter  had  become  mulberry-like  in 
form  and  was  seen  to  slowly  move  on  itself  in  an  ameboid  fashion.  The  nuclei 
within  the  mass  were  from  time  to  time  plainly  discernible,  disappearing  as  they 
rose  or  fell  from  the  optical  plane  during  the  ameboid  motion  (Fig.  14).  Some 
of  the  cysts  were  filled  out  completely  by  the  granular  mass.  Some  had  two  nuclei, 
others  had  four,  while  some  had  no  nuclear  figures  at  all.  The  protoplasm  was 
always  granular.  A  motile  bacillus  was  seen  in  the  subcapsular  space  in  several 
specimens.  The  capsule  of  some  became  invisible  as  though  of  the  same  refractive 
index  as  the  surrounding  medium.  A  number  of  the  cysts  had  disappeared  at  this 
time,  for  the  number  was  very  definitely  reduced. 

Case  2. — Sr.  A.  April  9,  1912.  The  patient  was  an  adult  male  living  in  the 
city  of  Panama.  He  was  suffering  from  an  attack  of  entamebic  dysentery  and  his 
stools  contained  much  bloody  mucus  and  many  entamebas.  With  gentian  violet 
by  the  intra  vitam  method  the  submembranous  granules  of  the  nucleus  of  the 
entamebas  stained  distinctly  and  some  individuals  had  a  faintly  staining  centriole 
and  others  appeared  to  have  a  faintly  staining  karyosome.  Rectal  injections  of 
the  infected  stool  eight  hours  old  into  very  small  kittens  were  negative.  Hema- 
toxylin-stained  preparations  showed  the  trophozoite  to  be  of  the  large  vegetative 
type  in  which  the  karyosome  was  oti\j  seen  in  certain  individuals  and  did  not  stain 
at  all  deep]3^  Dry  fixed  preparations  stained  by  Hasting's  and  Giemsa's  stains 
showed  the  nucleus  as  containing  a  fine  red  oxychromatin  reticulum  not  usually 
arranged  in  the  form  of  a  ring. 

The  patient  was  placed  on  treatment  by  his  physician  in  Panama.  This  con- 
sisted of  astringent  rectal  injections.  He  has  reported  to  me  from  time  to  time, 
on  each  occasion  bringing  a  specimen  of  his  stool.  On  May  20  he  returned  from 
the  interior  appearing  to  be  in  much  better  physical  shape  and  free  from  dysen- 
tery. A  specimen  of  stool  just  passed  was  free  from  dysenteric  elements  but  con- 
tained many  one,  two  and  four-nucleated  tetragena  cysts  all  containing  blocks  of 
chromidia  (Figs.  7,  11  and  12). 

On  June  13  the  patient  returned  with  a  specimen  of  hard  formed  stool.  He 
stated  that  he  had  had  no  return  of  dysentery,  but  was  continuing  the  rectal  injec- 
tions. The  stool  contained  many  tetragena  cysts,  and  portions  were  jilaced  in  a 
moist  chamber  and  in  sterile  tap  water,  to  note  developmental  changes.  June  27 
no  cysts  could  be  detected  in  the  patient's  stool,  A\hich  was  a  solid  one.  July  17 
a  good  many  tetragena  cysts  were  found  in  specimens  of  a  formed  stool  passed  this 
morning:  all  contained  nuclei  and  chromidia. 

Summary  of  Findings:  April  9  the  stool  contained  pus,  blood,  mucus,  and  many 
large  trophozoites ;  only  a  few  of  the  latter  revealed  a  karyosome  when  stained  by 
gentian-violet  and  iron-hematoxylin.  In  other  words,  most  of  the  trophozoites 
would  be  described  as  "i?.  histolytica."  Eectal  injections  of  the  stool  eight  hours 
old  into  two  very  small  kittens  failed  to  infect. 

May  20,  the  stool  was  formed  and  contained  no  vegetative  trophozoites,  but 
many  one-,  two-,  and  four-nucleated  cysts  of  E.  tetragena.  In  moist-chamber 
preparations,  all  the  cysts  disappeared  within  five  days.  Feeding  experiments  on 
very  small  kittens  with  cysts  from  this  stool  on  the  day  of  passing  were  negative. 

June  13  the  stool  was  formed  and  contained  many  tetragena  cysts  but  no 
trophozoites.  In  moist-chamber  preparations  the  cysts  rapidly  diminished  in  num- 
bers so  that  very  few  were  seen  at  the  end  of  tw-enty-four  hours.  No  cysts  could 
be  demonstrated  at  the  end  of  six  days  in  hematoxylin  stained  preparations  and 
none  could  be  demonstrated  in  coverslip  preparations  of  the  six-  and  ten-day-old- 
stool.  Preparations  of  the  stool  which  had  been  put  up  with  sterile  tap  water  for 
nineteen  hours  contained  some  four-nucleated  cysts   (Fig.  13). 

About  10  grams  of  feces  that  had  been  in  the  moist  chamber  for  three  days, 
were  taken  up  with  water  and  milk  and  passed  into  the  stomach  of  two  half- 
grown  cats,  but  no  infection  resulted  during  a  period  of  eight  weeks. 
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EXPLANATION    OF    FIGURES    IN    PLATE 

1.  The  large  trophozoite  (Phosphotungstic  acid  hematoxylin)  endoplasiii  and 
erythrocytes  are  shown,  the  centriole  and  karyosome  and  peripheral  chromatin 
are  conspicuous. 

2.  Trophozoite  with  primary  division  of  nucleus  into  four  nuclei.  This 
form  is  rarely  seen  and  is  believed  to  be  a  schizont;  it  may  become  the  form  seen 
in  Fig.  3. 

3.  Four  nucleated  trophozoite    ( schizont  ? ) . 

4.  Trophozoite  gamete  (?)  seen  in  Case  3,  May  14,  apparently  a  larger  size 
of  5  and  6. 

5.  Trophozoite  gamete  (?)  of  small  size  seen  in  Case  3,  May  14,  probably 
a  larger  form  of  6. 

6.  Small  trophozoite  gamete  (  ?)  arising  from  a  cyst. 

7.  Trophozoite  of  small  generation  becoming  encysted;  central  sac  of  fluid  (  ?) 
and  blocks  of  chromidia  are  shown. 

Two  trophozoites  (gametes  ?)  from  Case  3,  May  14;  a  number  of  couples 
were  seen  together  in  this  way;  the  nuclei  were  always  of  different  types.  The 
ectoplasm  was  apparently  sticky  for  the  organisms  could  not  separate,  but  moved 
around  and  around. 

9.  Trophozoite  of  small  generation  becoming  encysted;  the  nucleus  is  vesicular 
and  the  chromidia  is  seen  condensing  around  the  periphery  of  the  fluid  sac. 

10.  Trophozoite  of  the  small  generation  containing  chromidia. 

11.  Binucleated  cyst  containing  chromidia.  One  of  the  nuclei  shows  division 
of  its  centriole. 

12.  Quadrinucleated  cyst. 

13.  Quadrinucleated  cyst  unstained,  from  moist  chamber  preparation,  second 
day:  the  cyst  contents  are  homogeneous  save  for  4  nuclei  represented  by  peripheral 
refractile  granules  of  chromatin. 

14.  Mulberry  mass  in  a  cyst  from  moist  chamber,  fifth  day,  contains  four 
amebulas  with  granular  cytoplasm,  nuclei  and  ameboid  outline  unstained.  One 
nucleus  is  not  displayed  as  it  was  not  in  the  optical  plane. 

15.  ]\Iononucleated  cyst  containing  two  blocks  of  chromidia,  one  of  the  type 
that  stains  unusually  deeply. 

16.  17,  18,  19.  ]Mononucleated  cysts  from  moist-chamber  preparations  forty- 
eight  hours  old;  the  last  three  showing  a  fluid  sac. 

20-23.  Binucleated  cysts  from  moist-chamber  preparations,  forty-eight  hours 
old. 

24.  Quadrinucleated  cyst. 

25.  Cyst  from  moist-chamber  after  four  days.  One  of  the  amebulas 
(gametes  ?)  has  become  separated  from  the  rest  though  it  is  still  enclosed  by  the 
capsule  of  the  cyst.    Two  of  the  nuclei  stain  well;  one  apparently  has  degenerated. 


]^ote. — Xo.  3  was  stained  with  iron  hematin  after  fixation  with  Schaudinn's 
fluid;  Xo.  1  with  phosphotungstic  acid  hematoxylin  after  Zenker  fixation.  This 
shows  the  effect  of  technic  in  transfixing  and  displaying  variously  the  nucleus, 
particularly  the  karyosome  ring. 
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Smear  preparations  of  the  moist  chamber  specimens  contained  only  one  cyst 
in  three  films,  a  considerable  reduction  of  numbers  within  seventy-four  hours. 

A  quantity  of  the  stool  that  had  been  put  up  for  three  days  with  ten  volumes 
of  st«rile  tap  water  was  added  to  diluted  milk  and  passed  into  the  stomach  of 
two  kittens,  but  no  infection  resulted  in  a  period  of  over  eight  weeks. 

Six  coverslip  preparations  from  the  stool  that  had  been  in  contact  with  tap 
water  for  three  days  were  quite  negative  for  cysts;  apparently  a  complete  disap- 
pearance of  cysts  when  in  contact  with  water  for  this  period  of  time. 

June  27,  no  cj'sts  nor  trophozoites  were  detected  in  the  stool,  which  was  well 
formed. 

July  17  tlie  formed  stool  contained  a  good  many  cysts  (three  or  four  to  the 
high,  dry  field).  After  twenty-four  hours  in  the  moist  chamber,  there  was  an 
appreciably  smaller  number,  and  after  forty-eight  hours,  very  few  cysts  could  be 
detected. 

In  this  case,  the  gradual  disappearance  of  cysts  in  cultures  is  seen 
and  the  lack  of  infectiousness  of  the  stool  for  kittens  after  three  da3^s, 
probably  due  to  an  insufficiency  of  cysts.  This  case  shows  too  the  per- 
sistence of  cysts  in  a  patient  treated  by  means  of  rectal  injections 
which  do  not  reach  the  upper  portion  of  the  large  bowel,  nameh^,  the 
cecum,  where  the  commonest  location  of  the  entamebic  process  is. 
The  absence  of  cysts  from  the  stool  on  one  occasion  as  well  as  their 
appearance  in  solid  stools  is  also  noted. 

Case  3. — Hospital  111,761.  I  had  an  opportunity  of  examining  material  from 
this  case  through  the  kindness  of  Drs.  James  and  Carter.  The  patient  had  been 
treated  for  entamebic  dysenterj',  and  on  Jan.  11,  1912,  a  specimen  of  his  stool 
contained  trophozoites  and  cysts  which  I  identified  as  E.  tetragena  ( Fig.  9 ) .  On 
April  2,  the  patient  had  returned  to  the  ward  for  treatment  and  his  stool  on  this 
date  contained  scybala  with  bloody  mucus  containing  many  large  trophozoites 
such  as  arc  usually  found  in  entamebic  dysentery  ( Fig.  1 ) .  The  trophozoites  were 
about  30  microns  in  diameter,  were  finely  granular  and  possessed  a  rather  unusual 
mode  of  locomotion.  They  moved  from  place  to  place  with  a  rolling,  flowing 
motion,  rather  more  continuous  than  intermittent."  Some  had  phagocyted  erythro- 
cytes. When  stained  with  hematoxylin,  they  showed  a  Avell  defined  karyosome,  but 
no  cysts  nor  trophozoites  with  chromidia  were  detected.  The  dysentery  disap- 
peared after  a  few  days  and  on  April  11  and  12  a  few  cysts  were  seen.  A  solid 
stool  on  April  12  contained  a  few  trophozoites  which  were  very  refractile  and  were 
stained  intra  vitam  by  gentian-violet.  The  stain  was  taken  up  slowly  but  in- 
tensely, and  revealed  a  typical  tetragena  nucleus  with  a  well  defined  karyosome. 

On  May  14  the  patient's  stool  contained  enormous  numbers  of  cysts  and  small- 
sized  trophozoites.  These  were  placed  in  moist  chambers  and  examined  from  day 
to  day  after  fixation  in  Schaudinn's  fluid  and  staining  with  hematoxylin. 

Fresh  Stool  of  May  l). — One  is  struck  at  once  with  the  appearance  and  large 
numbers  of  the  small  trophozoites.  Sixty-five  per  cent,  are  trophozoites  and  35  per 
cent,  are  cysts.  These  trophozoites  (Fig.  4)  are  about  21  microns  in  length  by 
12  microns  in  breadth.  They  have  conspicuous  nuclei,  many  of  them  showing 
rather  deeply  stained  karyosomes  and  the  so-called  cyclical  changes  in  the  cen- 
triole.  The  cytoplasm  is  vacuolated,  the  vacuoles  being  three  microns  and  under 
in  diameter.  Many  have  engulfed  bacteria  but  none  had  phagocyted  erythrocytes. 
None  of  these  trophozoites  contained  chromidia,  but  they  are  associated  with 
spherical  or  slightly  ovoid  cysts  12  to  15  microns  in  diameter,  which  contain  one 


9.  Trophozoites  of  E.  tetragena  have  two  types  of  motion;  an  impulsive  inter- 
mittent one  seen  in  the  large,  globular,  refractile  forms,  and  the  flowing  continu- 
ous motion  seen  in  the  elongated  non-refractile  forms. 
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or  more  coarse  blocks  of  chromidia  (Fig.  7).  There  is  usually  a  large  fluid-  (  ?) 
containing  sack  or  vacuole  and  a  conspicuous  nucleus.  Sometimes  there  are  two 
or  four  nuclei.  It  would  appear  that  these  cysts  have  developed  from  the  tropho- 
zoites with  which  they  are  associated.  Besides  these  forms  there  are  some  smaller 
trophozoites  ranging  in  size  fi'om  about  4  microns  up  to  full  size  (Figs.  5  and  6). 
Some  have  nuclei  exactly  like  those  of  the  four-nucleated  cysts  and  they  are 
undoubtedly  derived  from  them.  A  few  four-nucleated  forms,  however,  are  seen 
whicli  do  not  appear  to  be  encysted.  They  are  usually  elongated  and  not  spherical. 
These  are  undoubtedly  four-nucleated  schizonts.  Confirmatory  of  the  opinion  that 
this  is  their  nature,  I  may  say  that  I  have  seen  a  few  naked  four-nucleated  forms 
(Fig.  3)  in  the  pus  from  an  entamebic  liver  abscess  (autopsy  2.760),  and  these 
four-nucleated  forms  were  associated  with  a  few  small  amebulas  as  well  as  large 
trophozoites.  In  the  stool  of  Case  3  on  January  11,  I  observed  a  trophozoite,  the 
nucleus  of  which  had  divided  into  four  small  daughter  nuclei  (Fig.  2)  ;  these  were 
in  apposition  and  occupied  the  place  and  area  of  that  of  an  ordinary  sized  nucleus 
of  a  trophozoite;  it  was  undoubtedly  becoming  a  four-nucleated  schizont.  Fifty 
^per  cent,  of  the  cysts  are  uninucleated ;  23.5  per  cent,  binucleated;  and  2G.5  per 
cent,  quadrinucleated. 

Moist-Chamber  Preparation  After  Ticenty  Hours. — At  this  time  it  is  evident 
that  many  forms  have  disappeared.  Apparently  there  has  been  a  reduction  of  50 
to  75  ^er  cent,  in  the  total  number,  due  chiefly  if  not  entirely  to  the  complete  dis- 
appearance of  the  trophozoites.  The  forms  now  seen  are  encj'sted  (Figs.  15  to  24) 
and  resemble  those  cysts  seen  in  the  fresh  stool,  although  most  of  the  chromidia 
has  now  disappeared.  A  few  cysts  present  appearances  indicating  most  positively 
an  ameboid  movement  within  the  cyst  wall,  and  the  emergence  of  amebulas.  It 
is  these  small  amebulas  whicli  are  the  precursors  of  the  "agamous"  trophozoites, 
concerned  in  entamebic  dysenterj'.  For  infection  follows  the  feeding  of  cysts 
while  it  invariably  fails  when  only  the  trophozoites  are  fed.  There  is  still  a  num- 
ber of  small  amebulas  (Fig.  G)  to  be  seen  but  no  gradation  of  sizes  and  no  full 
sized  trophozoites  (Fig.  4).  It  is  evident  that  the  amebulas  perish  in  the  fecal 
mass  in  moist-chamber  preparations.  This  is  in  contrast  with  the  appearance 
noticed  in  the  fresh  stool  for  in  the  favoring  environment  of  the  intestinal  tract 
the  young  amebulas  had  increased  in  size. 

Moist-Chamher  Preparation  After  Forty-Eight  Hours. — There  is  a  still  further 
reduction  in  the  number  of  cysts,  the  cytoplasm  of  which  appears  to  be  more 
homogeneous  and  usually  free  from  the  achromatic  sac  of  fluid  (  ?)  noted  pre- 
viously. The  cysts  are  round  or  ovoid.  Rarely  one  contains  chromidia.  A  few 
small  free  amebulas  are  seen  but  no  full-sized  trophozoites. 

Moist-Chamber  Preparation  After  Three  days. — A  still  further  reduction  in  the 
number  of  cysts.  Four  nucleated  forms  appear  to  predominate.  Otherwise,  the 
preparations  resemble  those  of  the  day  before. 

Moist-Chamber  Preparation  After  Four  Days. — The  number  of  cysts  appears 
to  be  reduced  over  those  in  yesterday's  preparation.  It  is  impossible  to  estimate 
this  accurately,  however,  from  smears.  Several  cysts  to-daj'  contain  traces  of 
eroded  chromidia  as  though  it  had  been  etched  off"  the  surface  for  nutritive  pur- 
poses. A  number  of  cysts  are  somewhat  irregular  in  contour  and  represent  the 
ameboid  changes  noted  on  previous  days,  and  in  cover-slip  preparations  from 
Case  1.     Some  free  amebulas  are  seen   (Fig.  25). 

Moist-Chamber  Preparation  After  Six  Days. — Very  few  cysts  are  seen,  and  con- 
siderable time  is  required  to  find  a  sufficient  number  on  which  to  make  observa- 
tions. The  irregular  contour  of  the  cyst  contents  is  even  more  exaggerated  than 
in  yesterday's  preparation. 

These  changes  noted  in  the  cysts  are  analogous  to  those  seen  in  E.  coH,  and 
diff"er  entirely,  of  course,  from  those  to  be  seen  in  free-living  forms. 

The  cysts  require  a  moist  medium  for  their  development.  Drying  interferes 
with  nuclear  division  and  emeigence  of  amebulas  from  the  cysts.  This  is  seen 
from  the  following  experiment:     AV)out  5  grams  of  feces  from  Case  3  on  May  14, 
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containing  many  cysts  and  trophozoites  of  the  small  generation,  were  spread  over 
tlie  surface  of  a  porous  plate  which  had  been  sterilized  within  a  petri  dish.  The 
porous  plate  absorbed  moisture  from  the  feces  and  the  resulting  film  remained 
as  dry  as  the  surrounding  atmosphere.  After  a  period  of  seven  weeks  the  film 
was  moistened  with  sterile  tap  water  and  smears  were  wet-fixed  and  stained  with 
hematoxylin.  The  resulting  picture  was  just  like  that  of  the  fresh  stool,  excepting 
for  the  change  due  to  desiccation.  The  trophozoites  and  cysts  took  the  stain  very 
Avell,  particularly  the  nuclei  and  chromidia,  but  they  presented  a  flattened  out  and 
warped  appearance. 

The  larger  portion  of  the  moistened  film  was  fed  to  two  half-grown  cats,  but 
no  infection  resulted,  although  this  would  certainly  have  provoked  entamebic 
enteritis  if  the  same  amount  of  fresh  material  had  been  used. 

This  is  interesting  in  comparison  with  Schaudiun's  experiment  in 
which  he  claimed  to  have  induced  infection  in  a  cat  with  dried  material 
containing  spores  of  E.  histolytica  six  weeks  old. 

The  developmental  changes  in  the  cysts  of  E.  tetragena  can  best  be 
studied  in  just  such  a  case  as  the  one  described,  in  which  there  is  an 
enormous  number  of  encysting  forms,  and  these  forms  appear  in  some 
cases  in  perfect  showers. 

It  would  seem  that  the  large  '"'agamous"''  trophozoites  luxuriate  during 
the  acute  stage  and  in  active  lesions  associated  with  tissue  necrosis 
where  nutrition  is  plentiful.  As  a  result  of  immunity  on  the  part  of 
the  host,  or  from  other  causes  not  as  yet  known,  a  reduction  in  size  in 
the  trophozoite  occurs.  PearP°  and  Calkins^^  have  shown  that  the 
"conjugating  generation  of  Paramecium  consists  of  individuals  of  meas- 
urably smaller  size  than  those  of  the  usual  pond  water.  There  is  also 
a  difference  in  the  physical  and  chemical  make-up  of  the  cells  by  which 
the  protoplasm  becomes  much  more  sticky,  so  that  two  individuals  upon 
meeting  frequently  fuse  at  any  point."  This  is  referred  to  because  of 
the  fact  that  the  generation  immediately  preceeding  the  cysts  is  very 
much  reduced  in  size  and  in  the  fresh  stool  of  Case  3  on  May  14,  a 
number  of  trophozoites  were  seen  as  though  partly  fused  together,  and 
possibly  represented  conjugation.  In  all  cases  of  infection  by  E. 
tetragena  either  in  the  bowel  or  liver,  a  few  smaller  forms  15  to  24 
microns  in  diameter  may  be  seen,  and  forms  containing  chromidia  may 
also  be  detected  when  speciallj-  looked  for.  I  have  seen  in  a  fatal 
case  large  trophozoites  30  to  40  microns  in  diameter,  deep  in  the 
submucosa,  while  in  the  superficial  sloughs  of  the  ulcer  only  small 
refractile  forms  were  seen.  In  the  fresh  preparations  nuclei  could  not 
be  demonstrated  in  the  smaller  forms,  and  when  they  were  treated 
intra  vitam  with  gentian-violet,  they  took  up  the  stain  with  extreme 
slowness  compared  with  the  larger  more  deeply  lying  trophozoites. 
These  smaller  forms   are   about  15   microns  in  diameter   and  contain 


10.  Pearl:    Biometrical   Study   of    Conjugation    in   Paramecium.     Biometrica, 
1907,  v,  No.  3. 

11.  Calkins:  Protozoology,  1909,  Lea  and  Febiger,  New  York  and  Philadelphia. 
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no  erythrocytes  but  several  blocks  of  cliromidia.  This  small  chromidia- 
containing  generation  occupies  a  stage  between  the  large  trophozoites 
and  the  cysts. 

The  appearances  in  the  cysts  with  regard  to  fertilization  have  been 
interpreted  variously.  Hartmaun^-  and  Doflein^^  have  figured  and 
described  changes  which  they  interpret  as  autogamy,  while  Walker^*  sees 
only  a  straight  forward  nuclear  division  in  the  cysts.  Elmassian/^  who 
studied  most  minutely  in  a  mixed  infection  of  E.  coli  and  E.  tetragena, 
tlie  small  geueration  and  cysts  of  E.  ietragena  under  the  name  of  E. 
minuta,  has  described  appearances  which  he  has  interpreted  as  autogamy. 
In  the  very  rich  collection  of  cysts  furnished  by  Case  3  on  May  14,  I 
have  failed  to  find  positive  evidences  of  autogamy  such  as  have  been 
figured  by  Hartmann  and  Elmassian,  in  spite  of  the  fact  that  I 
have  used  phosphotungstic  acid  hematox^-lin,  which  is  probably  the 
most  accurate  of  hematoxylin  stains  for  entamebas  fixed  with  diluted 
Zenker's  and  Flemming's  solutions. 

In  the  stool  of  Case  3  on  May  14,  there  is  one  feature  rather  difficult 
to  explain.  The  trophozoites  (Fig.  4)  are  15  to  16  microns  in  diameter, 
always  devoid  of  erythrocytes  and  usually  devoid  of  chromidia,  differing 
thus  from  pathogenic  trophozoites  (Fig.  1)  and  the  common  small- 
chromidia-containing  generation  (Fig.  10)  respectively.  The  tropho- 
zoites contain  bacteria,  and  have  evidently  been  living  a  vegetative 
existence  in  the  lumen  of  the  bowel,  but  although  they  contain  no 
chromidia  they  are  associated  with  cysts  which  nearly  always  contain 
several  blocks  of  chromidia  (Figs.  11  and  12),  and  they  are  associated 
also  with  small  and  half  grown  trophozoites  (Figs.  5  and  6)  exactly  like 
them  in  staining  characters.  Is  it  possible  that  these  trophozoites  (Fig  4) 
have  developed  in  the  bowel  from  cysts  and  are  living  a  parasitic  and 
non-pathogenic  existence  in  the  intestinal  lumen,  but  which  would  take 
on  an  appearance  like  the  pathogenic  trophozoite  after  they  had  gained 
entrance  to  tlie  bowel  wall?  The  very  small  forms  have  arisen  from 
cysts  or  from  schizonts,  most  certainly  from  the  former,  for  the  latter 
were  rarely  seen,  and  these  very  small  forms  in  turn  may  develop  into 
the  trophozoites  just  described.  If  this  is  true,  the  precursors  of  the 
cysts,  which  we  should  expect  to  contain  chromidia,  are  not  present  in 
this  specimen.  On  the  other  hand,  if  the  cysts  develop  from  the  non- 
chromidia-containing  trophozoites,  when  does  the  chromidia  appear  on 
the    scene?    for   the    non-chromidia-containing    trophozoites    disappear 


12.  Hartmann  (Ilandbiich  d.  Path.  Protozoen  (Prowazck),  1911,  Earth,  Leip- 
zig) more  recently  would  seem  to  be  of  the  opinion  that  E.  tetragena  is  analogous 
to  E.  blattarum  and  does  not  exhibit  autogamy. 

13.  Doflein,  F. :  Lehrb.  d.  Protozoenkunde.  Ed.  3,  Fischer,  Jena,  1911. 

14.  Walker:  Philippine  Jour.  Sc,  1911,  vi,  259. 

15.  Elmassian:   Centralbl.  f.  Bacteriol.  Orig.,  1909,  lii. 
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completely  in  twenty  hours,  at  which  period  there  were  many  chromidin- 
containing  cysts.  Unfortunately  it  is  impossible  to  determine  from 
these  preparations  whether  the  trophozoites  all  perish  or  whether  they 
develop  into  cysts.  I  am  inclined  to  believe  that  they  perish  in  the 
moist-chamber,  for  the  number  of  cysts  seen  on  May  15  was  about 
the  number  seen  on  May  14,  minus  the  trophozoites.  It  will  be  impor- 
tant in  the  future  to  note  from  hour  to  hour  the  changes  in  the  small 
generation. 

The  chromidia  of  the  cysts  appeared  to  be  used  up  in  the  course 
of  nuclear  division,  for  its  margins  usually  became  eroded  (Fig.  24), 
yet  in  some  four-nucleated  cysts  uniformly  contoured  blocks  of  chro- 
midia were  seen  (Fig.  12). 

Counts  of  the  different  types  of  cysts  and  trophozoites  were  made 
from  day  to  day  and  from  different  films,  and  are  here  tabulated. 


C'oi:>'TS  OF  THE  Different  Types  of  Cysts  axd  Tkophozoites  in  a  Recent 

Stool  May  14  (Case  3) 


Trophozoites,  15  microns  in 
diameter  containing    bacilli 
but  no  r.  b.  c.  with  promi- 
nent   karyosome    ring;     no 
chromidia 

48.3  per  cent. 
Cysts  34.9  per  cent. 

Half-grown 

trophozoites 

9.6    per   cent. 

Very  small,  re- 
cently   emerged 
trophozoites 
5.6  per  cent. 

Four-nucleated 

schizonts 

1.6  per  cent. 

Recent  Stool  of  May  14 

Percentage  of  Different  Forms  in  Moist-Chamber 
Preparations    After 

Recent    20  Hrs. 

2  Days     3  Days 

4  Days 

6  Days 

One-nucleated  cysts   

Two-nucleated  cysts  

Four-nucleated  cysts 

Number  of  individuals  counted 

50            47 
24             20 
26             33 
67         *101 

50 

18 

32 

*109 

31 

27 

42 

*102 

34 

25 

41 

*24 

33 

33 

33 

*15 

*Very  small  amebulas  were  present  but  could  not  be  counted  with  any  accuracy. 

The  stool  was  a  pure  culture  of  E.  tetragena,  as  were  stools  in 
Cases  1  and  2,  and  the  moist-chamber  preparations  were  kept  in  sterile 
petri  dishes  and  handled  carefully  so  as  to  avoid  aerial  contamination 
by  free-living  forms.  Fortunately,  free-living  forms  did  not  develop 
in  any  of  the  preparations,  though  it  is  not  an  uncommon  experience 
for  them  to  appear  in  cultures  of  feces.  Smears  were  made  and  wet- 
fixed  with  Schaudinn's  bichlorid  alcohol  and  stained  with  hematoxylin. 
Good  results  were  obtained  with  iron-alum-hematoxylin  and  phospo- 
tungstic  acid-hematoxylin  with  a  final  differentiation  by  means  of  potas- 
sium permanganate. 


14  THE     ARCHIVES     OF     IXTERXAL     MEDICIXE 

IVo  half-gTo^vn  cats  were  fed  with  material  from  the  stool  of  May  14 
that  had  been  in  a  moist  chamber  forty-eight  hours.  Both  animals  had 
prola^jse  of  the  rectum  at  nearly  the  same  hour,  twelve  days  later.  The 
prolapse  followed  intussusception  starting  from  an  inflammatory  patch 
in  the  lower  ileum  from  which  many  large  trophozoites  were  obtained. 
These  trophozoites,  although  arising  from  tetragena  cysts,  presented 
the  nuclear  characteristics  of  E.  histolytica,  E.  tetragena  and  E.  nip- 
ponensis.  From  this  experiment,  it  can  be  seen  that  identification  of 
species  cannot  be  based  on  appearances  noted  in  the  "agamous"  tropho- 
zoites, and  further,  it  is  seen  that  the  alleged  differences  between  E.  tet- 
ragena and  E.  histolytica  and  E.  nipponensis  are  due  to  unusual  physio- 
logical or  pathological  distributions  of  basichromatin  within  the  nucleus 
of  E.  tetragena. 

COXCLUSIOXS 

These  cases  illustrate  the  cyst  production  of  E.  tetragena,  its  inter- 
mittency,  the  absence  of  cysts  during  acute  symptoms  and  their  presence 
in  formed  stools  long  after  the  subsidence  of  acute  s3Tnptoms. 

The  gradual  disappearance  of  cysts  in  moist  chamber  preparations 
with  a  concomitant  loss  of  infectiousness  of  the  stool,  and  the  loss  of 
infectiousness  by  drying  for  seven  weeks  are  shown.  The  development 
of  amebulas  within  the  cysts  and  their  emergence  and  fate  in  the 
fecal  mass  is  described. 

It  would  appear  that  infection  in  man  is  the  result  of  the  contami- 
nation of  food  with  a  small  amount  of  fecal  matter  containing  a  great 
many  cysts,  during  the  first  day  or  two  after  passing. 

In  one  experiment,  kittens  were  fed  with  a  pure  culture  of  tetragena 
cysts  forty-eight  hours  old.  This  caused  lesions  in  the  small  bowel  in 
which  large  trophozoites  were  found  with  the  nuclear  characters  of 
E.  tetragena,  E.  histolytica  and  E.  nipponensis.  This  not  only  favors 
the  opinion  held  of  the  identity  of  E.  Jii-stolytica  and  E.  nipponensis  with 
E.  tetragena.  but  it  shows  that  specific  identification  of  histolytica  and 
nipponensis  cannot  be  made  from  the  large  vegetative  trophozoites  alone, 
but  the  essential  features  of  the  life  cycle  must  be  seen. 

The  very  great  importance  of  examining  the  stools  of  all  convalescent 
and  recovered  cases  of  entamebie  dysentery  for  cysts,  and  thus  detecting 
"carriers"  is  made  apparent,  for  it  is  the  cyst  that  is  the  infecting  agent 
and  not  the  large  trophozoite. 


SYPHILITIC  AOETITIS:  ITS  DIAGNOSIS  AND  TEEATMENT  * 
WARFIELD    T.    LONGCOPE,    M.D. 

NEW   YORK 

For  some  years  I  have  been  much  interested  in  tlie  condition  which  is 
now  generally  known  as  syphilitic  aortitis  or  niesaortitis.  At  first  my 
observations  were  particularly  directed  to  the  pathological  lesion  itself; 
later  the  exact  etiology  of  these  changes  became  the  subject  for  study, 
while  at  present  it  is  the  diagnosis  and  treatment  of  the  disease  to  which 
most  time  is  devoted.  Up  to  the  present  I  have  had  an  opportunity  at  the 
Pennsylvania^  and  University  hospitals  in  Philadelphia,  and  at  the  Pres- 
b3i;erian  Hospital  in  New  York  of  studying  sixty-three  cases  in  which 
syphilitic  aortitis  was  proved  to  exist  at  autops}',  or  in  which  the  diagnosis 
seemed  reasonably  sure  from  the  combination  of  certain  symptoms  and 
signs,  with  a  positive  Wassermann  reaction  during  life.  Of  the  entire 
number,  twenty  have  been  treated  with  salvarsan.  But  except  for  the  fact 
that  the  diagnosis  and  treatment  of  this  disease  are  of  such  importance, 
and  that  the  observations  have  perhaps  suggested  certain  lines  for  further 
study,  it  would  scarcely  be  justifiable  to  offer  such  a  familiar  subject  for 
serious  consideration. 

Since  the  time  of  Morgagni,  syphilis  has  been  recognized  as  a  factor 
in  the  etiology  of  aneurysm,  as  well  as  of  other  less  well  defined  cardio- 
vascular diseases,  but  it  was  not  until  the  publication  of  the  anatomical 
studies  of  Dohle,-  in  1888,  followed  by  the  work  of  Heller  and  his  pupils 
on  syphilitic  aortitis  that  the  direct  relationship  between  the  two  was 
made  apparent.  Dohle's  excellent  description  and  illustrations  of  the 
pathology  of  syphilitic  aortitis  really  leaves  little  to  be  added  on  that 
score,  Avhile  the  accounts  of  the  French,  and  particularly  Huchard,^ 
Dieulafoy,*  Gallavardin^  and  Fournier®  of  the  symptomatology  and  diag- 
nosis of  "Aortite  sub-aigue,"  a  subject  to  which  they  have  devoted  much 
attention,  and  to  which  Germans  and  Anglo-Saxons  until  recently  have 
paid  comparatively  little  heed  in  spite  of  the  original  account  by  Cor- 


*Submitted  for  publication  in  the  Archives  Oct.  21,  1912. 
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rigan,"  and  the  articles  of  Allbutt/  cover  this  aspect  of  the  disease  in  a 
fairly  thorough  manner.  The  more,  recent  lectures  of  Mitchell  Bruce," 
Schwarz/"  Breitmann^^  and  Goldscheider^^  also  contain  good  clinical 
descriptions. 

The  important  conclusion  of  Dohle  that  syphilis  produced  a  charac- 
teristic type  of  aortitis  brought  forth  some  adverse  criticism,  but  no  very 
wide-spread  interest,  and  it  was  not  until  the  subject  was  presented  before 
the  Deutsche  Pathologische  Gesellschaft  in  1903  by  Chiari,^^  Benda^*  and 
Marchand^^  that  arteritis  became  a  common  subject  for  study.  During 
the  following  years  many  papers  appeared  giving  anatomical  descriptions 
and  statistical  records,  but  as  this  literature  is  thoroughly  reviewed  in 
Fahr's^"  paper,  and  in  Herxlieimer's^'^  excellent  article,  it  is  unnecessary 
to  do  more  than  refer  to  these  publications.  Indeed,  the  morbid  anatomy 
of  the  process  has  been  made  so  familiar  through  numerous  original  con- 
tributions, as  well  as  by  descriptions  and  pictures  in  recent  text-books 
such  as  those  of  Adami  and  Aschoff,  that  it  seems  scarcely  necessary  to 
give  more  than  the  briefest  outline  of  the  anatomical  changes  as  I  have 
observed  them. 

ANATOMICAL  CHANGES 

The  gross  appearances  of  syphilitic  aortitis  are  in  themselves  fairly  character- 
istic. The  root  of  the  aorta  and  the  arch  are  most  commonly  affected,  but  the 
process  may  be  found  anywhere  throughout  the  length  of  the  vessel.  In  several 
instances  I  have  seen  an  extensive,  though  circumscribed  process  in  the  abdominal 
aorta.  The  lesion  as  a  rule  is  quite  sharply  confined  to  a  certain  area.  The 
smallest  areas  and  probably  the  earliest  which  we  can  recognize  consist  of  well 
outlined,  pale  grey,  rather  translucent,  elevated,  succulent  looking  patches  0.5 
to  2  or  3  cm.  in  diameter.  On  seetion  the  elevated  portion  of  the  vessel  is  trans- 
lucent and  grey;  beneath  this  and  corresponding  to  the  media  one  sees  opaque, 
yellow  streaks  and  patches  running  the  length  of  the  section,  and  sometimes  1  to 
2  mm.  in  thickness.  These  occasionally  sink  beneath  the  level  of  the  knife  cut. 
The  larger  and  more  advanced  areas  form  isolated  or  conglomerate  patches  4  to 
10  cm.  in  diameter,  or  completely  surround  the  circumference  of  the  vessels.  The 
distal  margin  is  usually  very  sharply  defined,  and  beyond  this  line  of  demarcation, 
which  may  be  found  somewhere  along  the  arch,  the  smooth,  delicate  aorta  stretches 
in  wonderfully  sharp  contrast  to  the  diseased  portion.  The  surface  of  the  larger 
areas  is  extremely  irregular.  The  elevated  patches  mentioned  above  alternate,  or 
are  irregularly  intermingled  with  yellowish,  scarred,  pitted  and  seared  areas,  or 
with   greyish   patches   that   look    like   thin,   crinkled   silk.      When   the   process   is 
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extensive  the  wall  at  points  is  thinned,  or  there  may  be  tiny  aneurysmal  bulgings 
no  bigger  than  a  pea.  When  the  process  is  widespread,  and  apparently  of  long 
standing,  there  is  an  irregular,  or  diffuse  dilatation  of  the  vessel.  True  saccular 
aneurysms  are  common.  Not  infrequently  the  changes  are  marked  about  the 
mouths  of  the  branches  of  the  arch.  Occasionally  this  causes  distinct  narrowing 
of  the  innominate  or  left  carotid.  Except  in  the  very  oldest  cases  one  never  sees 
atheromatous  patches  containing  cholesterin  crystals  or  calcification.  When 
these  changes  occur  they  are  associated  with  a  typical  endarteritis  deformans 
running  throughout  the  length  of  the  aorta.  When  the  process  advances  to  the 
aortic  ring,  as  it  often  does,  the  mouths  of  the  coronary  arteries  may  be  partly 
occluded,  or  even  reduced  to  a  pin-hole  point,  though  the  lesion  rarely  extends  far 
into  the  coronary  arteries  themselves.  With  the  involvement  of  the  sinuses  of 
Valsalva,  and  the  aortic  ring,  there  may  be  pouching  of  one  and  distention  of  the 
other,  so  that  the  circumference  of  the  ring,  instead  of  being  5  to  7  cm.  may  reach 
9  to  11  cm.  The  aortic  flaps  likewise  become  involved,  and  show  a  curious  thick- 
ened ajid  wrinkled  appearance,  which  causes  more  or  less  retraction  and  incom- 
petence, though  in  certain  cases  of  typical  aortic  insufficiency,  the  valves  are 
surprisingly  large  and  pliable,  while  the  aortic  ring  is  widely  dilated.  To  this 
Corrigan  himself  called  attention.  Even  below  the  flaps  on  the  endocardium  in 
some  instances  there  are  crescentic  lines  of  greyish  thickening. 

Microscopically  the  earliest  lesions  which  may  be  definitely  recognized  show 
that  all  three  of  the  main  coats  of  the  aorta  are  involved.  The  adventitia  shows 
small  accumulations  of  small  round  cells  about  the  vasa  vasorum,  and  the  intima 
of  both  arteries  and  veins  may  be  thickened.  Minute  blood-vessels  extend  into 
the  media,  and  are  surrounded  along  their  courses  by  accumulations  of  plasma 
cells,  small  round  cells  and  epithelioid  cells.  Slight  breaks  in  the  elastic  tissue 
are  observed  in  Weigert's  stain.  The  cells  of  the  intima  are  proliferated  and 
heaped  up  to  form  a  projection  from  the  inner  surface  of  the  vessel. 

In  the  more  extensive  lesions  the  perivascular  infiltration  of  the  adventitia 
is  very  pronounced.  The  media  presents  very  characteristic  areas  of  coagulation 
necrosis  surrounded  and  partly  infiltrated  with  plasma  cells  and  small  round  cells. 
Giant  cells  may  be  encountered.  They  sometimes  contain  fragments  of  elastic 
tissue.  The  elastic  tissue  in  special  stains  is  seen  to  be  destroyed,  torn  and  frag- 
mented, and  is  usually  entirely  absent  in  the  center  of  such  a  patch.  The  cellular 
proliferation  of  the  intima  is  marked.  These  areas  of  necrosis,  or  miliary  gum- 
mata,  may  be  of  considerable  size,  and  in  two  specimens  which  I  have  studied 
they  involved  not  only  the  media,  but  large  areas  in  the  adventitia,  and  even  the 
adjacent  heart  wall,  forming  true  gummata,  which  were  readily  visible  macro- 
scopically.  There  is  frequently  a  sacculated  dilatation  of  the  arterial  wall  which 
may  vary  from  a  depression  scarcely  perceptible  to  a  well-formed  aneurysm  of 
small  size. 

The  third  characteristic  picture  appears  to  represent  a  later  stage  of  the 
process,  and  shows  a  scarred,  distorted  vessel  wall,  almost  unrecognizable  as  such, 
with  perhaps  complete  destruction  of  all  three  coats  of  the  artery.  Small  foci  of 
necrosis  surrounded  by  connective  tissue,  partly  vascularized  and  infiltrated  with 
varying  numbers  of  plasma  cells  and  small  round  cells  take  the  place  of  the  media, 
and  extend  in  marked  instances  both  to  adventitia  and  media,  while  in  appropriate 
stains  the  curled  fragments  of  elastic  tissue  may  be  seen  here  and  there  throughout 
the  lesion. 

In  certain  cases  we  have  found  but  one  of  these  three  types  or  stages  of  the 
process,  but  as  a  rule  two  or  all  of  them  are  seen  in  different  portions  of  the 
vessel  walls. 

Extending  from  the  root  of  the  aorta  the  process  frequently  involves  the 
valves  of  the  aortic  orifice  and  the  aortic  ring  itself.  The  changes  in  die  valves 
in  such  cases  consist  in  localized  and  diffuse  infiltrations  of  small  roiuul  cells  and 
plasma  cells. 
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EELATIOX  OF  SYPHILIS  TO   AORTITIS 

That  such  lesions  are  in  themselves  characteristic,  and  may  readily 
be  recognized,  is  granted  by  most  observers,  but  that  they  are  always  and 
exclusivel}^  due  to  syphilis  is  questioned  still  by  many.  Evidence  is  accu- 
mulating, however,  to  show  that  syphilis  is  certainly  the  commonest,  if 
not  the  exclusive  cause.  The  statistical  studies  of  Marchand,  Benda, 
Herxheimer  and  Fahr,  ha^e  been  mentioned,  and  the  subject  has  been 
oollectively  reviewed  recently  b}^  Eich.^*  There  is  general  agreement  as  to 
the  frequency  of  a  history,  or  other  evidence  of  syphilis  in  cases  showing 
this  type  of  aortitis. 

More  direct  evidence  was  brought  forward  by  Reuter^^  in  190G,  who 
described  spirochetes  in  the  walls  of  an  aorta  affected  by  this  gummatous 
process.  His  observation  has  been  confirmed  by  Schmorl,-"  Benda -^  and 
by  "Wright,-^  who  was  able  to  demonsti'ate  spirochetes,  often  in  enormous 
numbers,  in  all  of  five  cases  of  mesaortitis.  From  the  results  of  some 
studies  which  I  have  made,  and  which  Dr.  Jean  V.  Cooke  undertook  at 
the  Pennsylvania  Hospital,  the  presence  of  spirochetes  in  these  lesions, 
as  might  be  expected,  cannot  by  any  means  be  constantly  demonstrated 
with  Levaditi  stains.  Portions  of  the  aorta  from  seven  cases  of  typical 
syphilitic  aortitis,  all  of  which  during  life  had  given  a  positive  Wasser- 
mann  reaction,  were  stained  by  the  Levaditi  method  and  searched  care- 
fully. In  three  of  these,  spiral  organisms  were  found  in  moderate 
numbers,  sparsely  scattered  through  the  thickened  intima  and  underlying 
portions  of  the  diseased  vessel  wall.  That  these  organisms  are  Treponema 
pallidum  seems  almost  certain,  though  actual  proof  of  such  by  culture 
from  the  arterial  lesions,  a  most  difficult  task,  or  direct  inoculation  into 
animals,  has  not  as  yet  been  accomplished. 

Vanzetti,-^  on  the  other  hand,  has  claimed  to  produce  an  arterial 
lesion  in  rabbits  which  simulated  syphilitic  aortitis  in  man  by  the  inocu- 
lation of  bits  of  syphilitic  rabbits'  testicles  into  the  sheath  of  the  carotid 
artery.  In  from  twenty  to  forty-one  days  the  syphiloma  develops  about 
the  wall  of  the  vessels.  Spirochetes  are  found  only  in  the  adventitia  at 
the  seat  of  inoculation.  Though  his  pictures  and  descriptions  do  not 
convince  one  that  tlie  experimental  lesion  corresponds  precisely  with  the 
aortic  lesion  in  man,  yet  his  observation  tliat  the  first  alteration  in  the 
vessel  wall  after  perivascular  inoculation  is  a  proliferation  of  intima  cells, 
is  of  much  interest  in  connection  with  the  histogenesis  of  the  disease  in 
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the  human  artery,  where  the  lesions  in  the  media  are  usually  attended  by 
a  proliferation  of  the  cells  of  the  intima. 

It  remains  to  be  seen,  however,  whether  any  other  infectious  agent 
may  produce  the*  same  lesion.  Klotz-*  has  described  alterations  in  the 
aorta  in  cases  of  rheumatic  fever  in  children  which  bear  some  likeness  to 
those  ascribed  to  syphilis.  In  any  such  studies  it  is  of  the  utmost  impor- 
tance to  exclude  the  possibility  of  congenital  syphilis,  for,  as  Klotz-* 
himself  has  shown,  lesions  practically  the  same  as  syphilitic  aortitis  in 
the  acquired  disease  may  be  found  in  infants  the  subject  of  congenital 
syphilis.  Wiesner-^  and  Each  and  Wiesner-^  have  paid  considerable 
attention  to  this  subject,  and  have  found  changes  in  59  per  cent,  of  the 
syphilitic  fetuses  examined.  These  observations  have  been  confirmed  by 
Bruhns-"  and  recently  by  Eebaudi,-^  v/ho,  in  five  cases,  was  able  to  demon- 
strate spirochetes  scattered  through  the  aortic  lesion.  Each  and  Wiesner 
state  that  spirochetes  were  not  once  found  in  any  of  seven  cases.  These 
observations  afford,  besides,  strong  support  to  the  idea  that  the  disease  in 
adults  is  due  to  syphilis. 

To  the  above  evidence  of  the  syphilitic  nature  of  this  process  must  be 
added  the  valuable  results  obtained  from  the  use  of  the  Wassermann 
reaction.  Eich,  who  perhaps  has  had  the  largest  series  of  cases  controlled 
by  autopsies,  obtained  a  positive  Wassermann  reaction  in  81.8  per  cent, 
of  forty-four  cases  that  showed  characteristic  syphilitic  aortitis  at 
autopsy.  His  teehnic  may  be  criticised,  however,  since  in  a  number  of 
instances  he  employed  post-mortem  blood.  Pearce-^  collected  seventy 
cases  of  mesaortitis  from  the  literature,  in  78.5  per  cent,  of  which  the 
Wassermann  reaction  was  positive. 

A  question  of  extreme  importance  is  to  determine  the  time  at  which 
the  aorta  becom.es  infected.  It  is  known  that  syphilis  during  the  late 
primary  stage  becomes  a  general  septicemia,  and  in  certain  cases  during 
this  period  it  is  possible  to  demonstrate  spirochetes  in  the  circulating 
blood  (Fruhwald,^°  Uhlenhuth  and  Mulzer^^).  Following  this  general 
invasion  of  the  body  the  spirochetes  lodge  in  different  organs  and  tissues, 
spreading  by  way  of  the  lymphatics;  and  it  is  highly  probable  that  the 
infection  of  such  organs  as  the  aorta,  the  nervous  system  and  the  liver 
takes  place  at  this  period.  For  some  reason,  as  yet  unexplained,  the  root 
of  the  aorta  and  ascending  arch  seem  to  be  one  of  the  sites  of  predilection 
for  the  organism.    Whether  or  not  there  are  changes  in  or  about  the  aorta 


24.  Klotz:   Jour.  Pathol,  and  Bacteriol.,  1907,  xii,  11. 

25.  Wiesner:   Centralbl.  f.  Path.  u.  path.  Anat.,  1905,  xvi,  822. 

26.  Rach  and  Wiesner:  Wien.  klin.  Wchnschr.,  1907,  xx,  521. 

27.  Bruhns:   Deutsch.  med.  Wchnschr.,   1906,  No.   19. 

28.  Rebaudi:  Monatschr.  f.  Geburtsh.  u.  Gynak.,  1912,  xxxv,  681. 

29.  Pearce:  The  Archives  Int.  Med.,  1910,  vi,  478. 

30.  Fruhwald:   Wien.  klin.  Wchnschr.,  1912,  xxv,  584. 

31.  Uhlenhuth  and  Mulzer:  Berl.  klin.  Wchnschr.,  1912,  xlix,  152. 


20       _  THE     ARCHIVES     OF     INTERXAL     MEDICIXE 

during  the  secondary  stage  is  a  question  which  at  present  must  be  left 
undecided,  but  it  is  quite  certain  that  the  results  of  the  invasion  of  the 
aorta  may  become  manifest  soon  after  the  primary  infection.  Indeed,  in 
the  secondary  stage  of  syphilis  there  may  be  certain  symptoms  and  signs 
referable  to  the  cardiovascular  system.  Fournier  mentions  palpitation, 
arhythmia  and  tachycardia,  but  as  they  occur  chiefly  in  women  he  ascribes 
them  to  functional  disorders  of  the  nervous  system.  Grassmann,^^  in  his 
study  of  the  cardiovascular  system  of  288  cases  of  secondary  syphilis, 
states  that  in  85  per  cent,  there  were  disturbances  in  the  rate  or  rhythm 
of  the  pulse,  while  in  40  per  cent,  accidental  cardiac  murmurs  usually 
with  dilatation  of  the  heart  occurred.  Though  syphilitic  aortitis  with  its 
complications — aortic  insufficiency,  aneurysm,  dilatation  of  the  arch  and 
angina  pectoris — are  usually  referred  to  as  late  or  even  parasyphilitic  and 
metasyphilitic  affections,  there  are  instances  on  record  in  which  these 
conditions  have  appeared  shortly  after  infection.  Harlow  Brooks^*  men- 
tions one  case  in  which  the  perforation  of  an  aneurysm  took  place  before 
the  secondary  rash  had  fully  appeared,  and  another  in  which  a  serious 
aortic  lesion,  sufficient  to  cause  death,  developed  within  six  months  of 
infection.  Liek,^*  too,  describes  a  most  interesting  example  in  a  young 
man  26  years  of  age,  who  developed  within  seven  months  after  contract- 
ing a  chancre,  dilatation  of  the  aorta  visible  by  a;-ray.  There  were  mild 
anginoid  symptoms.  Two  of  my  patients  died  from  the  effects  of  syph- 
ilitic aortitis  four  years  after  the  development  of  a  chancre,  and  such 
instances  are  not  excessively  rare.  It  seems  possible,  therefore,  that  even 
when  the  effects  of  the  infection  do  not  make  themslves  apparent  for 
many  years,  the  actual  invasion  of  the  aorta  may  take  place  during  the 
secondary  stage. 

CHIEF   SIGNS   AND   SYMPTOMS 

Early  in  the  disease,  no  doubt,  the  involvement  of  a  small  portion  of 
the  aorta  may  be  of  slight  immediate  significance,  but  with  the  extension 
of  the  process,  there  result  four  grave  conditions — diffuse  dilatation  of 
the  arch,  aneurysm,  aortic  insufficiency  and  angina  pectoris.  I  have  been 
particularly  interested  in  the  association  of  aortic  insufficiency  with 
syphilitic  aortitis.  In  a  study  of  76  cases  of  chronic  endocarditis  that 
came  to  autopsy  at  the  Pennsylvania  Hospital,^"  43  cases  gave  symptoms 
and  signs  during  life  of  aortic  insufficiency.  In  about  half,  or  21  of  these, 
the  mitral  valve  as  well  as  the  aortic  valve  was  diseased,  and  showed 
retraction  or  stenosis,  while  the  individuals  Avere  principally  children 
with  a  history  of  rheumatic  fever.    In  none  of  these  was  syphilitic  aortitis 
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present.  In  the  remaining  22  cases,  all  of  which  showed  involvement  of 
the  aortic  valves  alone,  IS,  or  81.5  per  cent,,  were  associated  with  syph- 
ilitic aortitis. 

With  the  advent  of  the  Wassermann  reaction  a  valuable  method  was 
obtained  for  the  study  of  these  cases  of  cardiovascular  disease,  and  the 
astonishing  frequency  with  which  syphilis  appeared  as  an  etiological 
factor  soon  became  apparent.  Citron,^*'  in  1908,  first  reported  that  of  16 
cases  of  aortic  insufficiency,  62.6  per  cent,  gave  a  positive  Wassermann 
reaction.  In  the  next  year  or  so  came  the  reports  of  Danielopolu,^^ 
Schutze,"^  Collins  and  Sachs,^^  Clough,*''  Laubry  and  Parvu,*^  Deneke,*^ 
Donath,*^  Oigaard,**  Bruchner  and  Galesco**  and  Krefting,*®  giving  in 
all,  182  cases  of  aortic  insufficiency,  in  135  of  which,  or  in  74,1  per  cent., 
the  Wassermann  reaction  was  positive.  Pearce,  in  1910,  collected  the 
statistics  of  57  cases  of  aneurysm,  38  of  which  gave  j)ositive  reactions,  70 
cases  of  mesaortitis,  57  of  which  gave  positive  reactions,  and  214  cases  of 
general  arterial  sclerosis,  29  of  which  gave  positive  reactions.  During 
the  years  1909  and  1910,  I"  made  Wassermann  tests,  using  the  original 
Wassermann  technic,  on  12  cases  of  aneurysm,  11  of  which  gave  positive 
reactions,  and  on  47  cases  of  aortic  insufficiency,  35  of  which,  or  74,4 
per  cent.,  gave  positive  reactions.  Of  the  positive  cases,  7  came  to 
autopsy,  and  all  showed  typical  mesaortitis  with  involvement  of  the  aortic 
ring,  or  of  the  wall  above.  In  the  wall  of  the  aorta  of  three  patients 
spirochetes  were  found.  The  10  cases  of  aortic  insufficiency  which  gave 
negative  reactions  were,  save  one,  combined  with  disease  of  the  mitral 
valve.  An  autopsy  in  this  one  case  of  pure  aortic  insufficiency  giving  a 
negative  Wassermann  reaction  showed  no  evidence  of  syphilitic  aortitis. 
Autopsy  on  the  one  case  of  aneurysm  which  gave  a  negative  Wassermann 
reaction  showed  a  definite  but  old  scarred  syphilitic  aortitis. 

Two  of  the  cases  of  aortic  insufficiency,  which  gave  positive  Wasser- 
mann reactions,  were  associated  with  mitral  stenosis.  One  of  these  came 
to  autopsy,  and  showed  typical  syphilitic  aortitis  involving  the  aortic 
leaflets.  Spirochetes  were  present  in  fair  numbers  in  the  wall  of  the 
aorta.  There  was  marked  irregular  thickening  and  fusing  of  the  mitral 
leaflets.    A  nodular,  fibrous  mass  was  found  on  the  posterior  leaflet.    The 
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chorda  tendineae  were  tliick  and  looked  as  though  scarred.  Spirochetes 
could  not  be  found  in  the  mitral  lesion.  "Whether  the  mitral  stenosis  was 
a  result  of  the  syphilitic  process,  or  caused  by  some  acute  infection,  such 
as  rheumatic  fever,  of  which  there  Avas  no  history,  could  not  be  deter- 
mined, but  it  is  evident  that  mitral  stenosis  may  exist  with  syphilitic 
aortitis. 

To  control  the  above  observations  Wassermann  reactions  were  per- 
formed on  fifty  cases,  including  various  types  of  mitral  disease,  cardiac 
hypertrophy  secondary  to  nephritis,  and  general  arterial  sclerosis.  In 
the  entire  series  only  three  positive  Wassermann  reactions  were  encoun- 
tered, two  in  cases  of  chronic  nephritis  with  arteriosclerosis,  and  one  in 
a  case  of  mitral  stenosis  and  insufficiency.  This  proportion  is  at  least 
what  one  might  expect  in  any  material  collected  among  adults  in  a  large 
general  hospital. 

Since  the  completion  of  these  studies  still  other  confirmatory  reports 
have  been  made  by  Grau,**  Orkin,*''  Ledermann,^°  Bie,^^  Fiessinger,^^ 
Jacobeus,^^  Comesatti,-'*  Hirtz  and  Braun,^^  Weintraud,^®  Cummer  and 
Dexter,^^  Goldscheider^^  and  others.  The  percentage  of  positive  Wasser- 
mann reactions  are  variously  given :  for  general  cardiovascular  diseases 
from  25  per  cent,  to  68  per  cent. ;  for  aortic  insufficiency  from  75  per 
cent,  to  100  per  cent.;  for  aneurysm  from  85  to  95  per  cent.,  and  for 
aortic  diseases  in  general,  including  aneurysm,  diffuse  dilatation  and 
angina  pectoris,  from  75  to  88  per  cent. 

Wolfsohn^^  has  recently  found  that  positive  reactions  to  Koguchi's 
luetin  in  cardiac  disease  are  even  more  frequent  than  the  Wassermann 
reaction.  In  12  cases,  including  6  of  aortic  insufficiency,  4  of  aneurysm, 
and  2  of  myocarditis,  11,  or  91  per  cent.,  reacted  to  luetin.  The  one 
negative  reaction  occurred  in  a  case  of  myocarditis.  The  Wassermann 
reaction  was  positive  in  but  58.3  per  cent. 

Even  from  these  rather  small  statistics,  confirming  as  they  do  the 
anatomical  studies,  it  may  be  seen  how  extremely  common  syphilitic 
aortitis  and  its  complications  are,  and  what  a  large  proportion  of  serious 
diseases  of  the  cardiovascular  system  in  adults  may  be  dependent  on  this 
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disease.  It  is  evident  that  most  anevirysms  of  the  arch  of  the  aorta,  the 
majority  of  cases  of  aortic  insuflSciency  in  adults,  uncomplicated  by 
mitral  disease,  many  cases  of  angina  pectoris,  particularly  in  individuals 
under  50  years  of  age,  and  a  large  proportion  of  cases  of  dilatation  of  the 
aorta  are  only  incidents  in  the  development  and  progress  of  syphilitic 
aortitis,  and  unfortunately  in  many  instances  are  the  first  signs  that 
attract  our  attention  to  the  disease.  But  it  is  most  important  that  we 
should  not  lose  sight  of  the  main  and  underlying  process,  and  serious  as 
the  complications  are,  our  attention  should  be  directed  to  a  study  of  the 
diseased  aorta  rather  than  to  the  late  manifestations. 

CLINICAL  PICTUEE 

The  clinical  picture,  it  is  true,  is  made  up  principally  of  the  symptoms 
and  signs  Avhich  accompany  these  end  results,  but  there  are  certain 
features  common  to  all  types  of  the  disease  the  explanation  for  which  is 
somewhat  difificult  to  give,  but  which  may  repay  further  study.  To  many 
clinicians  the  disease  has  been  familiar  for  years.  Aside  from  the  well- 
known  descriptions  given  by  Hurhard,  Dieulafoy,  Gallavardin,  Fournier 
and  Allbuttf,  the  symptomatology  and  diagnosis  have  recently  been  dis- 
cussed by  Mitchell  Bruce  and  Osler^*'  in  their  Lumleian  Lectures,  and  by 
Breitmann,  Schwarz,  Goldscheider,  Bruhns,^^  Oigaard,*^^  Grau,  Fiessinger, 
Orkin  and  Cummers  and  Dexter. 

The  63  cases  on  which  this  study  is  based,  include  43  cases  of  aortic 
insufficiency,  4  of  which  were  combined  with  aneurysm,  8  cases  of 
aneurysm  alone,  and  12  cases  of  aortitis  associated  with  dilatation  of 
the  arch,  myocarditis,  angina  pectoris,  or  a  combination  of  these  condi- 
tions. The  diagnosis  was  made  or  confirmed  at  autopsy  in  39  cases;  in 
10  of  these  the  Wassermann  reaction  was  performed  during  life  and 
found  positive.  In  the  remaining  34  cases  the  Wassermann  was  positive. 
For  the  Wassermann  reactions  in  13  cases  which  were  studied  at  the 
Presbyterian  Hospital,  I  am  indebted  to  Dr.  Albert  Lamb.  In  making 
these  tests  the  ISToguchi  modification  was  used.  In  all  the  other  cases  I 
employed  the  original  Wassermann  technic. 

AGE   INCIDENCE 

Most  authors  have  mentioned  the  fact  that  these  cardiovascular 
changes  due  to  syphilis  are  met  with  in  comparatively  young  people.  In 
Bie's  statistics  the  average  age  at  which  the  symptoms  of  syphilitic 
aortitis  developed  was  42 ;  for  aneurysm  50,  and  for  myocardial  disease 
52.    Mitchell  Bruce,  in  a  study  of  70  odd  cases  gives  the  average  age  at 
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which  the  first  manifestations  occurred  as  49.  Of  Cummers  and  Dexter's 
27  patients,  85  per  cent,  were  between  the  ages  of  35  and  55  years.  In 
niY  own  series,  the  majority  of  the  patients  wei'e  young,  as  may  be  seen 
in  the  following  table  : 

Age  Cases  Per  cent.  Age  Cases         Per  cent. 

20-30  19  30.1  20-40   32  50.7 

31-40 13  20.6  20,50   51  80.0 

41-50  10  30.1 

51-60  7  11.1 

61  5  7.9 

63 

Over  one-half  of  these  patients  were  less  than  40  years  of  age,  and 
80.9  per  cent,  under  50.  Almost  a  third  of  the  patients  were  under  30 
years  of  age.  The  youngest .  patient  was  a  colored  woman  of  22.  At 
autopsy  there  was  extensive  syphilitic  aortitis.  There  were  three  other 
patients  under  25,  all  of  which  came  to  autopsy  and  showed  extensive 
s}^hilitic  aortitis.  The  oldest  patient  was  68.  As  a  rule,  the  aneurysms 
occurred  in  the  older  subjects.  Except  for  one  case  in  which  a  small 
aneurysm  was  found  at  autopsy  in  a  woman  of  26,  most  of  the  individ- 
uals, 10  out  of  13,  were  over  40,  and  6  were  over  50. 

Of  the  63  cases,  51  were  men;  25,  or  about  half,  were  negroes.  Of 
the  12  women,  10  were  negroes. 

It  has  been  generally  assumed  that  the  s}'mptoms  of  syphilitic  aortitis 
develop  as  a  late  event  in  the  disease.  In  Bruce's  statistics  the  average 
latent  period  between  the  time  of  infection  and.  the  onset  of  symptoms 
was  25  years,  in  Cummer  and  Dexter's  report  17.2  years.  Bruce  gives 
the  minimum  period  as  5  years,  the  maximum  as  54.  Bie  points  out  that 
symptoms  in  these  cases  make  their  appearance  about  15  years  later  than 
they  do  in  rheumatic  fever.  Owing  to  the  diflficulty  in  obtaining  an 
accurate  history  I  could  determine  such  data  in  but  23  cases.  Eoughly, 
the  average  latent  period  was  16.4  years,  very  nearly  that  given  by 
Cummer  and  Dexter.  The  shortest  period  was  3  years,  and  there  were 
4  other  cases  under  5  years.  The  longest  latent  period  was  35  years. 
Bearing  on  this  question  of  latency  is  an  interesting  report  by  Bier- 
mann."'  Eeference  has  already  been  made  to  the  changes  found  in  the 
aorta  of  congenital  syphilitics,  and  Biermann  has  receiitly  described  a 
case  of  congenital  sypliilis  in  a  girl  of  19,  who  showed  dilatation  of  the 
aorta  with  fever.  He  considers  this  as  an  instance  of  congenital  syphilitic 
aortitis.  Wentworth,*'*  too,  has  recently  reported  a  series  of  Wassermann 
tests  in  children  among  which  were  five  cases  of  congenital  heart  disease, 
two  of  which,  gave  positive  reactions.     It  is  evident  that  there  may  be 
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WABFIELD     T.     LONGCOPE  25 

syphilitic  disease  of  the  aorta  which  remains  latent  and  gives  no  symp- 
toms over  long  periods  of  time. 

It  is  impossible  to  determine  whether  any  secondary  factors  acted  as 
predisposing  causes  in  the  development  of  the  aortitis.  Many  of  the  men 
were  hard  Avorking.  A  history  of  alcohol,  or  abuse  of  tobacco,  was  not 
particularly  striking.  One  patient  had  tabes  dorsalis.  The  frequent 
association  of  tabes  and  aortic  disease  is  well  known,  and  the  question 
has  been  thoroughly  discussed  by  Heitz.*'^ 

SYMPTOMS 

The  symptoms  which  have  attracted  the  attention  of  every  one  who 
has  written  on  the  subject  are  pain,  dyspnea,  often  on  slight  exertion, 
palpitation  and  tachycardia.  Pain  was  a  prominent  symptom  in  60  per 
cent,  of  Bruce's  cases.  In  one-half  it  was  precordial,  in  the  other  half 
auginal  in  character.  Dyspnea  occurred  in  60  per  cent.,  palpitation  in 
67.5  per  cent.  In  m}^  series  pain  of  one  sort  or  another,  excluding  the 
continuous  cervicobrachial  neuralgic  pains  of  aneurysm,  occurred  in  42 
cases,  or  66.6  per  cent. ;  dyspnea  in  49,  or  77.7  per  cent.  Palpitation  and 
tachycardia  were  less  frequent. 

Pain  is  an  interesting  symptom  not  only  because  it  is  so  characteristic 
of  this  type  of  cardiovascular  disease,  but  on  account  of  its  relationship 
to  the  state  of  angina  pectoris,  the  true  nature  of  wliich  is  still  so  imper- 
fectly understood.  It  is  frequently  the  first  symptom  (29  cases),  and 
alone  or  in  combination  with  dyspnea  of  various  types  may  be  the  only 
symptom  for  long  periods  (9  cases).  Osler*'*^  has  called  attention  to  the 
anginoid  pain  wliich  may  precede  the  appearance  of  an  aneurysm.  The 
cervicobrachial  neuralgia,  so  common  in  aneurysm,  I  have  not  included 
in  this  description.  The  pain  is  of  various  kinds.  In  the  majority  of 
cases  the  patient  complains  either  of  a  constant  or  intermittent  dull  pain 
beneath  the  sternum.  Sometimes  it  is  described  as  a  painful  constriction 
or  oppression,  sometimes  as  a  "gripping  sensation  that  comes  up  from  the 
stomach,  and  catches  at  the  heart  or  throat."  Mild  at  first,  these  dis- 
agreeable sensations  usually  increase  in  severity,  and  intermittent  attacks 
become  more  frequent.  In  a  majority  of  cases  the  pains  are  made  worse 
by  exercise.  Beginning  with  mild  attacks  the  patient  may  one  day  have 
a  typical  paroxysm  of  angina  pectoris  accompanied  by  fear  of  impending 
death,  and  with  radiation  of  pain  to  the  neck,  left  shoulder,  or  down  the 
left  arm.  Earely  the  disease  starts  with  severe,  typical  angina  pectoris. 
Characteristic  attacks  of  angina  pectoris  occurred  in  eight  of  my  patients, 
five  of  whom  had  aortic  insufficiency.     Two  patients  dropped  dead. 
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Although  the  attacks  of  angina  may  be  free  from  any  disturbances  in 
resjjiration,  very  frequently  they  are  closely  associated  with  distinct 
changes.  Occasionally  the  patient  stops  breathing  in  full  inspiration ; 
more  often  there  is  dyspnea  of  moderate  grade,  or  attacks  of  paroxysmal 
dyspnea^  to  be  described  later,  accompany  the  pain  so  that  it  is  sometimes 
difficult  to  distinguish  the  two.  Dyspnea  is  frequently  associated  with 
the  milder  substernal  pain.  In  the  attacks  of  angina  which  are  free  from 
dyspnea  there  may  be  a  sharp  rise  in  blood-pressure;  in  one  case  from 
110  s^'stolic  to  170  systolic. 

The  dyspnea  itself  is  a  symptom  of  the  greatest  interest,  and  in  one 
of  its  forms  seems  to  be  highly  characteristic  of  the  disease.  In  the 
majority'-  of  cases  there  is  early  dyspnea  on  slight  exertion.  In  thirty-one 
cases,  or  about  half,  it  was  one  of  the  first,  if  not  the  first  symptom.  In 
some  cases  this  slight  shortness  of  breath  gradually  becomes  worse,  espe- 
cially when  aortic  insufficiency  supervenes,  until  the  patient  finally  shows 
the  constant  respiratory  difficulty  common  in  broken  cardiac  compensa- 
tion. In  a  second  group  of  cases  the  dyspnea  assumes  another  and  more 
interesting,  though  most  distressing  form.  In  this  group  it  is  parox- 
ysmal in  nature,  coming  on  in  attacks  of  five  to  fifteen  minutes'  duration. 
Such  attacks  were  present  in  nine  of  my  patients,  all  of  whom  had  aortic 
regurgitation.  These  paroxysms  may  be  absolutely  the  first  symptom 
(seven  cases).  They  vary  greatly  in  number,  from  two  to  three  during 
the  entire  course  of  the  disease,  to  four  or  five  a  day  over  periods  of 
months.  In  two  eases  they  occurred  daily  for  almost  a  year.  Though 
this  phenomenon  is  most  common  when  aortic  insufficiency  is  present,  it 
is  seen  in  cases  in  which  signs  of  cardiac  decompensation  do  not  develop 
for  months,  and  in  one  case  which  is  now  under  observation  there  have 
never  been  signs  of  decompensation,  unless,  indeed,  these  attacks  are 
considered  as  such.  Sometimes  the  attack  is  brought  on  only  by  exertion, 
but  in  the  majority  of  cases  the  paroxysm  is  absolutely  independent  of 
exercise,  and  not  infrequently  strikes  the  patient  like  a  thunderbolt,  often 
while  he  is  asleep  at  night.  Between  attacks  he  is  usually  able  to  perform 
his  daily  duties.  I  have  observed  a  number  of  such  attacks  in  different 
individuals,  and  the  following  notes  made  at  the  bedside  will  give  some 
idea  of  their  nature. 

"Suddenly  during  rounds  at  10:40  a.  m.  tho  patient  sliowed  signs  of  great 
distress.  He  sat  up  in  bed,  and  gave  a  sharp  agonized  cry  for  help.  Going  imme- 
diately to  the  bedside  he  Avas  found  sitting  up,  leaning  forward  with  a  pained, 
anxious  expression,  and  showing  the  most  marked  dyspnea.  He  implored  lis  to 
relieve  him  of  his  distress,  but  talked  quite  intelligently  throughout  the  attack, 
and  said  there  was  no  actual  pain,  but  terrific  difficulty  in  getting  his  breath. 
The  supraclavicular  spaces  were  retracted  during  inspiration,  the  chest  moved 
scarcely  at  all,  while  the  respiratory  excursions  of  the  abdomen  were  extreme. 
Respiration  was  rapid,  and  though  inspiration  seemed  difficult,  expiration  was 
accomplished  with  the  greatest  eff'ort  and  exertion,  and  was  comparatively  much 
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prolonged.  The  pulse  was  12S.  The  chest  was  hyperresonant,  and  on  auscultation 
were  heard  diffusely  scattered  sibilant  and  occasional  crackling  rales.  About  the 
height  of  the  attack  the  patient  began  to  sweat  about  the  head  and  face.  At  this 
time  too,  he  began  to  cough,  and  expectorated  a  small  quantity  of  thick  blood- 
stained mucus.  At  10:45  amyl  nitrite  was  applied:  at  10:53  1/100  gr.  nitroglycerin 
hypodermatically.  During  the  coughing  spell  he  asked  to  hang  his  legs  over 
the  side  of  the  bed.  He  did  so,  and  at  11:05  the  feeling  of  distress  disappeared 
rapidly.  The  respirations  continued,  however,  to  be  rapid,  and  at  11:20,  fifteen 
minutes  later,  were  35,  pulse  lOS.  During  the  attack  the  blood-pressure  rose  from 
200  S.,  70  diastolic,  to  247  S.,  70  diastolic,  to  fall  in  eleven  minutes  to  178  S., 
60  diastolic.     At  the  end  of  the  attack  the  rales  had  disappeared  over  the  chest." 

Such  is  the  character  of  these  paroxysms;  short,  lasting  often  from 
ten  to  fifteen  minutes,  but  leaving  the  patient  exhausted  for  an  hour  or 
t\\'o  afterwards;  agonizing,  terrifying  both  to  the  patient  and  to  the 
individual  Avho  sees  him,  usually  accompanied  by  an  increased  pulse- 
rate,  and  a  rise  in  blood-pressure  that  falls  rapidly  at  the  subsidence  of 
the  attack. 

In  the  attack  just  described  there  was  no  pain,  but  in  some  cases 
there  is  pain,  often  excruciating,  starting  in  the  substernal'  region  and 
radiating  to  the  neck,  left  shoulder  and  down  the  left  arm.  In  one  case 
the  pain  radiated  down  the  right  arm.  In  the  severest  cases  there  is 
usually  a  cry  for  help  at  the  start.  Some  patients  remain  almost  immo- 
bile during  the  paroxyms,  others  wave  their  hands  and  arms  about 
frantically.  There  is  never  an  attempt  to  get  out  of  bed  or  rush  to  the 
window.  Often  there  is  the  fear  of  impending  death.  Xitroglycerin 
has  seemed  to  bring  relief. 

In  the  instances  that  I  have  watched  the  dyspnea  was  distinctly  expi- 
ratory. The  patient  could  not  empty  his  lungs.  During  the  attacks  the 
chest  became  emphysematous,  and  auscultation  revealed  piping  and 
occasional  crackling  rales.  There  was  sweating  and  cyanosis.  The  attack 
ended  with  the  expectoration  of  a  little  bloody  mucus.  The  agony  during 
some  of  these  attacks  is  terrific.  One  patient  in  whom  the  dyspnea  was 
associated  with  angina  cut  his  throat.  In  two  cases  the  attack  itself  was 
fatal. 

The  condition  is  very  well  known.  Osier  describes  it  most  accurately, 
and  speaks  of  the  condition  as  one  nearly  allied  to  angina — angina  of 
pulmonary  tj'pe.  Oigaard  refers  to  it  as  Luft-Hunger,  to  the  French  it 
has  long  been  familiar  and  Huchard  terms  it  paroxysmal  dyspnea;  by 
the  older  authors  it  is  referred  to  as  cardiac  asthma,  and  by  some  it  has 
probably  been  considered  as  acute  pulmonary  edema.  Breitmann  calls 
particular  attention  to  its  significance  in  these  cases.  Though  Huchard 
as  well  as  many  others  would  definitely  exclude  these  cases  from  the  cate- 
gory of  angina  pectoris,  it  is  certainly  difiBcult  to  say  in  some  instances 
whether  the  patient  is  suffering  from  an  attack  of  angina  pectoris  with 
severe  respiratory  symptoms,  or  whether  he  is  suffering  with  paroxysmal 
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dyspnea  with  pain,  for  the  attacks  vary  in  different  individuals  from 
purely  respiratory  phenomenon,  uninfluenced  by  exertion,  and  free  from 
pain,  to  attacks  in  which  the  pain  predominates,  and  in  which  the 
paroxysms  are  definitely  associated  with  exertion.  The  attacks  in  their 
characteristic  form  simulate  veiy  closely  a  transient  severe  asthma,  an 
extreme  expiratory  dyspnea  with  acute  emphysema,  and  suggest  very 
strongly  that  the  direct  cause  of  the  dyspnea  is  bronchiospasm.  The 
possible  explanation  of  the  phenomenon  can  best  be  discussed  when  we 
come  to  consider  the  effect  of  treatment  on  these  symptoms  of  pain  and 
respiratory  distress. 

Palpitation  is  of  fairly  common  occurrence,  and  may  occur  early; 
with  this  there  is  sometimes  tachycardia.  With  the  development  of 
cardiac  insufficiency  in  the  cases  of  aortic  regurgitation  or  of  myocarditis, 
there  naturally  ensue  the  symptoms  common  to  decompensation. 

If  aneurysm  exists  the  special  pressure  symptoms  dependent  on  the 
tumor  make  their  appearance.  In  eleven  of  the  twelve  cases  of  aneurysm 
there  was  j^ain,  usually  constant,  in  the  chest,  left  shoulder,  neck  and 
left  arm. 

As  Allbutt  has  long  pointed  out,  however,  these  symptoms  described 
above  appear  most  frequently  when  the  sigmoid  region  is  involved,  and 
this  has  been  particularly  true  in  my  series.  I  have  also  noted  that  in 
tlie  younger  patients,  pain  and  paroxysmal  dyspnea  have  been  most  fre- 
quent. In  seven  patients  over  50,  who  had  aortic  insufficiency,  pain  was 
entirely  absent  in  two  and  very  slight  in  three,  the  picture  in  these  five 
cases  being  almost  entirely  that  of  gradual  cardiac  decompensation.  In 
the  remaining  two  cases  there  was  severe  pain  and  paroxysms  of  dyspnea. 

Finally,  it  is  necessary  to  mention  the  possible  relationship  between 
the  syphilitic  aortitis,  and  certain  unexplained  fevers  in  these  cases. 
To  this  Popoff*''  has  recently  called  attention.  He  reports  three  cases 
of  aortic  insufficiency  with  syphilitic  aortitis  in  which  there  was  an  unex- 
plained fever  that  disappeared  rapidly  after  the  administration  of  anti- 
sj^Dhilitic  treatment.  In  Biermann's  case  of  congenital  syphilitic  aortitis 
there  was  fe^'er.  Though  it  is  not  uncommon  to  see  slight  fever  or 
abnormally  great  variations  in  temperature  in  cases  of  aneurysm  and 
aortic  insufficiency  with  syphilitic  aortitis,  particularly  just  after  admis- 
sion to  the  hospital,  it  is  difficult  to  exclude  in  such  instances  the  presence 
of  a  slight  bronchitis  as  a  cause  for  the  increased  temperature.  It  is 
interesting,  however,  to  note  the  effect  of  treatment  on  this  temperature. 
In  one  of  my  cases  of  aortic  insufficiency,  there  was  a  mild  unexplained 
fever  reaching  at  times  101  P.,  which  lasted  for  eleven  days,  but  dis- 
appeared promptly  after  the  first  dose  of  salvarsan.  In  a  second  case, 
fever  played  a  very  prominent  part  in  the  picture. 


G7.  ropoff:    Ztschr.  f.  klin.  Med.,   1912,  Ixxv,  .50(5. 
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CASE  EEPOKT 


A  married  woman  aged  53  was  admitted  to  the  Presbyterian  Hospital  May  6, 
1912,  complaining  of  general  weakness.  She  had  never  been  sick  before.  She 
had  not  had  any  children:  the  menopause  had  occurred  four  months  previously. 
For  six  months  she  had  been  feeling  badly,  weak,  and  was  losing  weight.  There 
had  been  no  edema,  no  pain,  no  dyspnea,  no  cough.  For  six  to  eight  weeks  there 
had  been  fever  with  night-sweats.  She  was  an  under-nourished,  rather  pale 
woman.  In  both  conjunctivae  there  were  small  petechiae.  The  teeth  were  bad. 
The  lungs  were  negative  to  examination.  There  was  some  enlargement  of  the 
heart,  with  a  faint  systolic  murmur  at  the  apex,  and  a  double  murmur  at  the 
base.  The  liver  was  palpable  two  fingers  below  the  costal  margin.  The  spleen 
could  not  be  felt.  There  was  no  edema.  The  Widal  was  negative.  Leukocytes 
8,000:  hemoglobin  75  per  cent.;  red  blood-corpuscles  4,400,000;  5/11,  von  Pirquet 
negative;  5/13,  Wassermann  +  +  +  (Xoguchi).  From  time  to  time  a  few 
petechiae  were  noted  over  shoulders  and  back.  Blood-cultures  made  5/14  and  5/28 
gave  no  growth. 

The  course  of  the  fever  with  the  injections  of  salvarsan  and  \Yassermann  reac- 
tions are  shown  on  the  accompanying  chart   ( Fig.  1 ) . 

June  13  the  patient  left  the  hospital  much  improved.  As  the  fever  did  not 
entirely  cease  she  consulted  a  physician,  who  treated  her  with  intramuscular  injec- 
tions of  salicylate  of  mercury.  By  the  middle  of  July  she  had  improved  still  fur- 
ther, and  was  entirely  fever-free.  She  remained  afebrile,  but  in  September.  1912. 
suffered  a  severe  break  in  compensation,  from  which  she  died  Oct.  18,  1912. 

It  is  of  course  possible  to  have  an  acute  bacterial  endocarditis  or 
chronic  infective  process  engrafted  on  a  s}-philitic  aortitis,  and  two  such 
cases  I  have  followed  to  autopsy.  It  is  difficult  to  exclude  in  this  case 
such  a  cause  for  the  fever,  especially  since  there  were  petechiae,  a  feature 
so  characteristic  of  subacute  or  chronic  infective  endocarditis.  Blood- 
cultures,  however,  were  constantly  negative,  while  the  complete  dis- 
appearance of  fever  over  a  period  of  months  would  be  unusual  in  infective 
endocarditis,  unless  the  process  had  healed  —  as  far  as  we  know,  an 
exceedingly  rare  occurrence.  The  gradual  decline  of  fever  and  general 
improvement  with  the  very  persistent  Wassermann  reaction  under  treat- 
ment, together  with  the  complete  disappearance  of  fever  with  prolonged 
antisyphilitic  treatment,  suggest  very  strongly  that  the  fever  in  this  case 
was  really  dependent  on  the  syphilitic  infection  of  the  aorta. 

The  early  physical  signs,  unfortunately,  are  not  numerous,  and  are 
sometim-es  difficult  of  detection,  while  the  outspoken  signs  usually  occur 
late  in  the  disease. 

The  earliest,  the  most  important,  and  the  most  constant  single  sign  is 
a  positive  Wassermann  reaction.  It  is  now  generally  conceded  that  a 
positive  Wassermann  reaction  in  syphilis  means  active  infection  some- 
where in  the  body  (Boas*'^).  And  here  I  should  like  to  call  attention  to 
the  possibility  and  importance  of  syphilitic  aortitis  as  a  cause  for  positive 
Wassermann  reactions  in  so-called  latent  syphilis.  From  the  frequency 
with  which  syphilitic  aortitis  is  found  accidentally  at  autopsy,  we  know 
that  the  infection  may  be  harbored  in  this  situation  for  years  without 


68.  Boas:  Di  Wassermann'sche  Eeaktion,  Berlin,  1910. 
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Figure  1. — Part  4. 
iase  reported  by  the  author.    Heavy  line  =  temperature;  light  line  =  pulse. 
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detection  during  life,  and  indeed  it  seems  as  if  the  root  of  tlie  aorta 
might  be  one  of  the  chief  situations  in  which  the  infection  may  lurk. 
Eich,  in  his  pathological  study  of  63  cases  of  syphilitic  aortitis,  states 
that  in  36,  or  over  half,  there  were  neither  signs  nor  symptoms  of  the 
disease  during  life.  One  must  nevertheless  take  exception  to  this  state- 
ment, for  in  9  cases  the  patients  suffered  from  cardiovascular  diseases. 
Excluding  these  9  cases,  however,  there  are  still  27,  or  42.8  per  cent.,  in 
which  the  infection  of  the  aorta  was  discovered  by  accident.  In  24  out 
of  30  cases  the  ^Yassermann  reaction  was  positive  with  post-mortem  blood. 
I  have  now  seen  a  number  of  cases  in  which  a  patch  of  syphilitic  aortitis, 
wholly  unsuspected  until  autopsy,  was  the  only  cause  which  could  be 
found  to  explain  a  positive  "Wassermann  reaction  during  life.  This 
question,  of  course,  needs  further  investigation  before  any  definite  state- 
ment can  be  made,  but  certainly  the  association  is  very  striking,  and 
probabl}'  very  frequent.  It  is  therefore  of  the  utmost  importance  to 
investigate  the  cardiovascular  system  with  the  greatest  care  in  all  cases 
of  so-called  latent  syphilis  that  give  positive  Wassermann  reactions.  The 
same  statement  naturally  applies  to  the  nervous  system. 

Xext  to  the  importance  of  the  AYassermann  reaction  is  the  condition 
of  the  aorta  itself.  In  a  certain  proportion  of  cases,  but  not  in  all,  the 
lesion  leads  to  a  dilatation  of  the  ascending  aorta  and  arch.  Dilatation 
is  most  common  in  the  older  and  advanced  cases.  In  8  of  our  35  autopsies 
there  was  no  dilatation  of  the  aorta.  In  two  cases  in  which  the  patients 
are  still  living,  a:-ray  examination  showed  no  dilatation.  In  25  cases, 
however,  either  the  a--ray  or  autopsy  disclosed  a  dilatation  of  varying 
grade.  This  may  be  uniform  or  somewhat  irregular.  For  a  complete  recent 
discussion  of  the  sjinptomatology  and  diagnosis  of  aortic  dilatation  one 
should  refer  to  McCrae's*^^  excellent  article.  One  of  the  most  prominent 
signs  is  an  abnormal  pulsation  in  the  subclavian  and  carotid  arteries 
with  an  impulse  in  the  episternal  notch.  In  marked  instances  there  is  a 
heave  beneath  the  manubrium  or  pulsation  in  the  first  and  second  inter- 
spaces, usually  to  the  right  of  the  sternum,  but  sometimes  to  the  left. 
The  veins  of  the  neck  are  often  prominent.  In  a  few  instances  I  have 
noted  a  line  of  dilated  veins  extending  in  a  semicircle  from  the  first  to  the 
third  or  fourth  ribs,  and  to  the  right  of  the  sternum. 

On  palpation  a  pulsation  is  often  felt  in  the  episternal  notch,  occa- 
sionally a  heave  and  sometimes  even  a  thrill  over  the  manubrium.  Per- 
cussion gives  dulncss  over  the  sternum  extending  either  to  the  right  or 
left  of  the  manubrium  in  the  first  and  second  interspaces.  Auscultation 
very  frequently  reveals  a  systolic  murmur  at  the  aortic  cartilage.  The 
second  sound  is  sharp,  ringing,  and  has  the  bell-like  quality  so  aptly 
emphasized  by  McCrae.     This  may  be  present,  even  in  cases  of  aortic 
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iii^ut1k'ic'iu-y.  when  i\\c  heart  Sduud  is  accoiiipained  or  followed  by  a  dias- 
tolic nuiniiur.  These  sounds  are  frequently  well  transmitted  over  the 
upper  sternal  dulness,  and  beneath  the  clavicles,  or  even  into  the  vessels 
of  the  neck.  Pressure  effects  are  sometimes  noted.  There  may  be  a  capil- 
lary and  collapsing  pulse  even  in  the  absence  of  an  aortic  insufficiency. 
Of  all  th(^  nu'thods  of  physical  diagnosis,  however,  to  determine 
whether  or  not  dilatation  exists,  the  .7--ray  is  the  most  valuable.  The 
orthodiagra])h.  as  pointed  out  by  ^^aquez,''^  gives  undoubtedly  a  more 
accurate  picture  ihan  the  skiagram  or  fluorosco])ic  examination,  but  we 


Fig.    2. — Case    15.      Angina    pectoris  and    aortic    insullicieucy.      riactically   no 
ililatation. 

have  been  obliged  to  conline  ourselves  to  the  latter  methods.  Fluorosc-o|)y 
seems  indispensable.  Examinations  have  been  nuide  with  tiie  ])atient  in 
the  ]irone  position,  and  lately  it  has  seemed  useful  to  examine  the  patient 
first  with  the  screen  on  the  chest,  and  then  on  the  back.  In  the  latter 
position,  when  tlie  ])atient  lies  on  his  face,  the  shadow  ot  the  heart  is  not 
very  clear,  but  tlie  outline  ot  the  arch  and  descending  aoita  is  very  dis- 
tinct, and  can  be  studied  with  much  advantage.  The  details  of  the 
changes  in  the  size  and  shape  of  the  aortic  shadow  when  dilatation  exists 
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luive  boon  woll  discussed  by  Vaquez.  and  indeed  are  familiar.  The  sliadow 
of  the  normal  aorta  as  seen  on  the  fluoroscopic  screen,  or  in  the  skiagram 
lies  in  its  first  portion  behind  the  sternum,  but  at  the  arcli  Avhere  it 
curves  rather  sharply  back>Yards  and  to  the  left,  tliere  is  a  well  defined 
rounded  knob,  seen  to  the  left  of  the  sternum  and  opposite  the  second 
dorsal  vertebra.  According  to  the  age  of  the  patient  and  position  of  the 
heart,  the  shadow  may  show  certain  slight  variations,  but  none  Avhich 
can  be  confounded  with  definite  dilatation  (Fig.  2). 


Fig.  3. — Case  14.  Angina  pectoris,  systolic  murmur  at  base  and  diffuse  dilata- 
tion of  aorta. 

The  commonest  changes  that  I  have  observed  in  dilatation  are  as 
follows : 

First,  the  aortic  shadow  as  it  asoeuds  from  tlio  heart  sliadow  is 
widened  so  that  it  projects  in  a  curxcd  line  Im'voihI  the  sloi-imm  and 
reaches  to  or  extends  beyond  iho  cui'vcil  right  Ixirdci'  (if  the  heart  (Fig. 
•"!).  Tn  most  instances  llie  imiei'  shaddw  is  regulai'.  I)iii  it  may  show- 
slight  i)r()trusions  or  l)ulgings.  To  ilii'  lel'l  the  normal  >liailo\v  is  broad- 
ened. There  may,  too,  be  localized  ii'icgularilio  on  this  outline.  In  a 
second  group  there  are  alteration.-  of  a  more  oi'  U'ss  prominent  character 
in  the  shadow  of  the  aortic  kn<»i).  l)iil  since  ibis  I'epresents  the  arch,  it  is 
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unaffected  unless  the  dilatation  reaches  that  far.  The  commonest  abnor- 
mality which  has  been  observed  is  a  general  enlargement  with  loss  of  the 
well-defined  knob  shape  (Fig.  4),  instead  of  which  there  is  a  cresentic 
curve  towards  the  left.  In  other  cases  the  knob  may  be  enlarged,  and  its 
form  more  prominent  than  normal  (Fig.  5).  Finally,  in  a  third  group 
the  aortic  shadow  appears  more  or  less  as  a  truncated  cone  with  rounded 
apex  and  broad  base  resting  on  and  fusing  with  the  cardiac  sliadow.  Tn 
such  instances  the  normal  aortic  knob  is  obscured. 


Fi<T.  4. — Case  10.  Aortic  insufficiency,  paroxysmal  dyspnea  and  diffuse  cardiac 
dilatation. 

Tn  any  instance,  but  best  sliown  in  Figure  3,  there  may  ])e  above  the 
aortic  shadow  a  pyramidal-shaped  sliadow  with  l)ase  upwards,  and  beneath 
the  clavicles.  This  often  corresponds  to  dulness  which  is  obtained  beneath 
the  sternal  ends  of  the  clavicle.  Comparing  this  shadow  with  the  appear- 
ance of  the  structures  in  the  superior  mediastinum  at  autopsy,  it  seems  to 
represent  the  dilated  gi-eat  ai'teries  as  they  arise  from  the  arch,  and  course 


3(i 


77//; 


.\h'('Hivi:s    or    jyT/jn\.\j.    ]ii:i>iriyK 


upwards.     In  iilinost  any  ease,  but  not  frequently,  the  heart  mav  assume 
a  position  more  jiearjy  horizontal  than  normal. 

Thotigh  sy])]iilitic  aortitis  commonly  results  in  moie  or  less  dilatation 
of  the  aorta,  it  is  not  of  course  the  only  cause,  so  that  diffuse  dilatation 
does  not  in  itself  form  sufficient  basis  for  a  diagnosis.  In  aortic  insuffi- 
ciency following  rheumatic  fever  there  may  be  marked  permanent  dilata- 
tion without  the  ]n"esence  of  macroscopic  lesions  in  the  aorta,  save  perhaps 
a  tliinninfr  of  its  walls. 


Fiu.    o. — (  ase    11.      Sypliilitic    anrtitis;     dilalation    of    aoita:     ]ir(miiiieiiee    of 
aortic-  knob. 


Tile  imj)ortance  oL'  the  i)resence  of  aortic  insulliciency  and  aneurysm 
lia\e  In'eii  sufficiently  em])liasized  ;  unfortunati'ly  lliey  ai)pear  as  a  ruU' 
late  in  the  disease. 

Some  increase  in  the  size  of  the  heai't  is  usually  found  in  all  cases 
whether  aortic  insitlficiencv  exists  or  not.  Willi  the  markeil  enlargements 
there  are  as  a  rule  loud  systolic  mui'murs  at  the  apex.  In  one  case,  how- 
ever, there  existed  only  a  ])i'esys|olic  gallop  i-hythni. 
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The  pulse  in  the  majority  of  instances  is  regular,  and  we  have  not 
noted  any  characteristic  qualities,  though  in  one  instance  a  markedly 
collapsing  pulse  and  capillary  pulse  existed  without  any  other  signs  of 
aortic  iusufficienc3\  Occasionally  the  patches  of  aortitis,  which  not  infre- 
quently are  situated  about  the  mouths  of  the  great  vessels,  become  suffi- 
ciently extensive  to  narrow  their  lumen,  or  even  to  occlude  them,  in  which 
event  the  pulse  in  the  two  radials  or  carotids  show  inequalities  in  size 
and  force.  In  one  case  the  pulse  in  the  left  common  carotid  was  com- 
pletely obliterated.  Occlusion  of  the  opening  of  the  vessel  was  found 
at  autopsy. 

The  prognosis,  at  least  in  cases  which  are  seen  in  general  hospitals, 
is  bad.  In  24  fatal  cases  in  Bruce's  series  the  average  duration  of  life 
was  5.2  years.  In  my  series  there  were  38  fatal  cases.  Of  these,  4  patients 
succumbed  to  acute  infections  not  directly  connected  with  the  aortitis.  In 
the  remaining  34,  death  took  place  in  23,  or  in  67.6  per  cent.,  within  a 
year  and  a  half  of  the  onset  of  symptoms,  and  in  9,  or  26.4  per  cent., 
within  six  months  of  onset  of  symptoms.  The  most  rapid  culmination 
took  place  in  one  case  in  a  few  weeks,  2  patients  died  within  two  months ; 
the  most  prolonged  case  lasted  about  six  years.  Of  the  25  patients  who 
are  known,  or  are  supposed  to  be  living,  the  disease  has  existed  in  9  for 
two  years,  in  4  for  tliree,  in  4  for  four,  in  1  for  five  and  in  4  for  six  years. 
Of  the  38  fatal  cases,  8  patients  died  suddenly  in  an  attack  of  angina 
pectoris,  or  paroxysmal  dyspnea,  3  died  of  acute  infectious  diseases,  and 
the  remainder  succumbed  to  cardiac  failure. 

In  some  cases,  particularly  the  advanced  ones,  the  diagnosis  is  made 
with  ease  and  certainty,  but  in  others  with  the  greatest  difficulty.  The 
commonest  symptoms  and  signs  are  substernal  pain,  or  angina  pectoris; 
slight  dyspnea  on  exertion,  or  attacks  of  paroxysmal  dyspnea,  evidence  of 
a  dilated  aorta,  and  enlargement  of  the  heart.  A  combination  of  any,  or 
all  of  these  with  aortic  insufficiency  in  a  man  or  woman  about  or  below 
middle  life,  is  characteristic,  while  a  positive  Wassermann  reaction 
assures  the  diagnosis  in  practically  every  instance.  The  mere  presence  of 
an  aneurysm  of  the  arch  or  root  of  the  aorta  presupposes  in  almost  every 
instance  SA'^philitic  aortitis. 

The  history  of  severe  rheumatic  fever  in  a  young  man  with  aortic 
insufficiency,  who  gives  a  positive  Wassermann  reaction,  may  well  lead  to 
confusion,  and  unless  pain  or  paroxysmal  dyspnea  be  present,  it  would 
seem  well-nigh  impossible  to  come  to  any  conclusion  as  to  the  etiology 
of  the  aortic  lesion.  I  have  seen  two  such  cases  in  which  an  exact  diag- 
nosis could  not  be  made.  Since  the  Wassermann  reaction  is  one  of  the 
most  constant  evidences,  it  may,  and  indeed  should,  be  the  first  indica- 
tion to  put  the  physician  on  his  guard,  and  suggest  in  cases  of  so-called 
latent  syphilis  the  most  careful  examination  of  the  cardiovascular  system. 


Table  of  Collected  Cases  of  Syphilitic  Aobtitis 


Xo. 

Name 

Admitted 

Sex 

Ages 

Syphilis 

Duration 
of  Illness 

Symptoms 

1 

M 

.6/16/11 

F 

C 

39 

'! 

1   year 

Aching  in  chest  and  back ;  later 
spells  of  shortness  of  breath; 
lately  edema. 

2 
3 

H 
B 

4/14/11 
4/13/11 

M 

c 

c 

49 
68 

Denies 
Denies 

16   mos. 
3   jears 

Began  with  dyspnea  on  exer- 
tion, slight  cough,  oppression 
in  chest ;  four  days  before  ad- 
mission sudden  severe  pain  in 
chest,  violent  dyspnea,  cough, 
fulness  in  stomach,  edema. 

Cough,  swelling  of  feet  6  mos., 
dyspnea,  slight  pain  in  chest, 
blind  spells. 

4 
5 

D 

M 

1/17/11 
11/2S/10 

M 

w 
w 

48 
41 

Denies 
16  years 

1  year 
1  year 

Sense  of  constriction  about 
chest;  pain  in  left  side  of 
neck  and  down  left  arm;  no 
dyspnea  or  edema. 

Pain  in  chest  and  back,  severe 
and  constant.  Lost  20  lbs.  in 
weight. 

G 

L 

9/13/10 

M 

c 

35 

Denies 

5  weeks 

Attacks  of  dyspnea  and  smoth- 
ering sensation,  palpitation, 
late  edema,  rapidly  worse. 

7 

Me 

7/29/10 

M 

w 

33 

15  years 

9  months 

Pain  in  chest,  shortness  of 
breath  on  exertion.  Later  an- 
gina with  dyspnea  during  at- 
tack;   edema. 

8 
0 

M 
R 

11/25/10 
11/11/10 

M 
M 

c 
c 

39 

46 

4   years 
29  years 

5  months 
11   months 

Pain  in  chest,  coming  on  with 
exertion  radiating  to  left 
shoulder.  No  dyspnea.  No 
edema.                                     « 

Slight  dyspnea  on  exertion; 
paroxysmal  dyspnea  with 
pain;  edema  of  feet  for  8  mos. 

10 

H 

10/22/11 

M 

c 

! 
1 

2S 

Denies 

2  months 

Paroxysms  of  dyspnea  with 
sense  of  constriction  in  chest. 
No  edema. 

Table  of  Collected  Cases  of  Syphilitic  Aortitis — (Continued) 


Diagnosis 


Wassermann 


Aortic    insufficiency ;     no 
dulness    over    sternum. 


Aortic  insufficiency,  car- 
diac insufficiency,  dif- 
fuse dilatation  of  aorta 
oj-ray. 


Aortic  insufficiency 
broken  cardiac  compen 
sation. 


Dilatation  of  aorta  (x- 
ray)  ;  slight  aortic  re- 
gurgitation, enlarged 
liver,  anginal  pain. 

Dilatation  of  aorta  [x- 
ray ) .  Heart  normal ; 
anginal  pain. 

Aortic  insufficiency.  Dila- 
tation of  aorta,  severe 
broken  compensation. 


Aortic  insufficiency.  Dila- 
tation of  aorta  (x- 
ray )  ;  very  slight 
edema;  angina  pec- 
toris; S.  P.  170;  D.  70 


Aortic  insufficiency;  an 
gini.,  pectoris;  S.  P. 
120;  D.  80. 

Aortic  insufficiency.  Par- 
oxysmal dyspnea  veith 
pain.  Broken  compen- 
sation. S.  P.  178.  D.  90. 


6/17+  +  + 


4/20+  +  + 
5/24  neg. 


4/1S  +  +  + 
5/24+  +  + 
6/  7+  + 
6/21+  + 


1/24+  +  + 


1/30+  + 

2/15— 


10/14+  +  + 


Salvarsan 


Reaction 


6/24,    0.3    gm. 
intraven. 


4/26,  0.25  gm. 

intraven. 
5/20,    0.3    gm 

intraven. 


4/28,  0.3 
intraven. 

5/20,  0.3 
intraven. 

6/10,  0.3 
intraven. 


gm. 
gm 


9/16+  +  + 


Aortic  insufficiency.  Dila- 
tation of  aorta  (a^-ray). 
Paroxysmal  dyspnea 
Slight  fever.  S.  P.  118. 
D.  82. 


11/30  +  +  + 
12/21  +  + 
1/10/11+  + 

2/  7  +  + 
11/14  +  +  + 
12/21+  + 

1/10+ 

2/28  + 

3/  3— 

3/24+ 

4/12  +  + 


IVonfuchi 

10/26  +  +  + 
11/  1  +  +  + 
11/  8  +  +  + 
11/15  +  +  + 


2/10,    0.6    gm 
intramusc. 


12/  8,    0.6    gm 
intramusc. 


11/14,  0.45  gm 
intramusc. 


11/21,  0.45  gm 
intramusc. 


Entire  Dura- 
tion of 
Disease 


Remarks 


None 

None 
None 

None 

Chill 

Nausea 

Fever 

Slight 
Local 


Local 


11/30,    0.6    gm, 
intramusc. 


11/16,    0.5    gm 
intramusc. 


11/  2,  0.3 
intraven. 

11/13,  0.3 
intraven. 

11/22,  0.3 
intraven. 


gm 


Local 


Local 


None 
None 
None 


1  yr.  8  mos, 
Dead 


1  yr.  10  mos 
Living 


3  years  + 


2  yr.  10  mos 

+.  Living 


3  yrs.  + 
Living 


5   months 
Death 


1  yr.    Death 


8  mos. 

Dropped 

dead 

1  yr.  5  mos 
Death 


1  yr.  +.  Liv 
intr 


Death,  Feb.  12,  1912.  No 
autopsy.  Slight  imp. ; 
return  of  symptoms 
later,  with  pain. 

Marked  improvement . 
Temporary  loss  of  pain^ 
Able  to  work  again;  6 
mos.  later  decompensa- 
tion without  pain. 

Improvement  m  a  r  k  e  d , 
5/20,  pain  in  chest 
gone,  5/26,  has  pain  in 
chest.  Decomp.  impr'd 
on  rest  and  dig.  Left 
hosp.  feeling  well,  pair, 
gone. 

Much  improved.  Aug.  '12,» 
working  hard;  feels 
well. 


Greatly  imp.  Perm.  (?). 
Gained  wgt.;  Aug.  12,. 
working  as   fireman. 

Very  slight  temporary 
improvement.  Suddea 
death.  Autopsy.  Syph- 
ilitic aortitis  involving- 
aortic  valves,  pseudo- 
lobar  pneumonia.  Sec- 
tions of  aorta  do  not; 
differ  from  other  cases. 

Marked  temp.  imp.  An- 
ginal attacks  3-4  times 
daily  before  salvarsan. 
Two  wks.  after  treatm. 
much  better.  Sometimes 
only  one  attack  in  3  or 
4  days.  By  12/28,  recur- 
rence. Suicide.Autopsy : 
Dilatation  of  aorta; 
aortic   insufficiency. 

No  definite  relief  frorq 
angina.  Death,  2/13, 
1911. 

Marked  temp.  imp.  Before 
treatment,  attacks 
ever^'  day  and  night 
for  11  mos.  For  2  weeks 
after,  oee.  attack.  Then 
for  2  wks.  recurrence 
followed  by  complete- 
freedom  with  ability  to 
get  about  for  2  mos-. 
Later  recur,  with  death. 

Improvement  permanent. 
Complete  disappear- 
ance of  paroxysmal 
dyspnea  and  fever. 
Well   Nov.,    1912. 
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Name 


Admitted       Sex 


W 


R 


20    I    ilc 

I 


11/  8/11     I    M 


12/  1/11    I    M 

! 

12/17/11    I    M 


3/  2/12    I    M 
I 


3/20/12 


:\r 


8/  2/12 


il 


•V  6/12    I    F 

I 
I 

i 
( 
I 

0/  9/12    I    F 

I 

I 

I 

n/11/12    I    F 


S/31/12 


:^^ 


w 


w 


w 


w 


Ages 


40 


61 
47 


51 


36 


W    I     6S 


W    I     53 


C     I     38 


W    I     39 


W    I     50 


Syphilis 


20  years 


Denies 


28  years 


19  year; 


Denies 


+ 


0   years 


Duration 
of  Illness 


5   years 


6   years 


9  months 


2-3  years 


1   year 


4  months 


0  montlis 


fi  months 


9  montlis 


<S  montlis 


Symptoms 


Pain  in  chest,  acute,  radiating 
to  left  arm;  1  yr.  shortness 
of  breath  on  slight  exertion; 
edema,  cough. 


Palpitation ;  slight  dyspnea ; 
angina  pectoris. 

Pain  in  chest  at  first.  Two  vio- 
lent attacks  of  dyspnea;  pal- 
pitation, general  weakness,  no 
edema. 


Dyspnea  slight  on  exertion.  An- 
gina pectoris  for  1  year. 


Angina  pectoris  on  exertion  or 
excitement. 


For  4  mos.  attacks  of  dyspnea, 
pain  over  heart  radiating  to 
left  shoulder;  3  \vks.,  edema. 
One  transient  attack  of  blind- 
ness. 

Weakness,  loss  of  \yeisht,  feyer. 


Palpitation,  shortness  of  breath, 
pain  over  heart,  occasionally 
attacks  of  dyspnea  at  night. 

Attacks  of  angina  ^yith  dysp- 
nea on  exertion;  5  days 
edema. 


Dull  pain  in  left  slioulder,  con- 
stant;  later  down  left  arm:  4 
mos.  dyspnea ;  1  mo.  apho- 
nia. 
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Entire  Dura- 

Diagnosis 

Wassermann 

Salvarsan 

Reaction 

tion  of 

Remarks 

Disease! 

Dilatation  of   aorta     (x- 

11/15  +  +  + 

11/24,    0.3 

gm. 

None 

6   yrs.    -i  . 

Complete      disappearance 

ray ) ,  anginal  pain, 

12/  8— 

intraven. 

Living 

of  pain.     Repeated  at- 

broken     compensation, 

1/26— 

12/  1,    0.3 

gni. 

None 

tacks    of  broken    com- 

enlarged heart  with  mi- 

3/22— 

intraven. 

pensation.  Doing  fairly 

tral  insufficiency.  S.  P. 

12/  8,    0.3 

gm. 

None 

well. 

105.  D.  65. 

intraven. 

12/16,    0.3 

intraven. 

gm. 

None 

Angina  pectoris.  No  dila- 

12/10+ + 

12/29,    0.3 

gm. 

Slight 

6  yrs.6  nios. 

Greatly    improved.     Still 

tation  of  aorta  (a?-ray). 

intraven. 

+.  Living 

doing  well. 

S.  P.  150.  D.  104. 

Aortic  insufficiency.     An- 

12/ 8+  +  + 

12/  8,    0.3 

gm. 

Slight 

1  yr.  6  mos. 

Improved.  No  symptoms. 

eurysm  of  arch  of  aorta 

12/20+  + 

intraven. 

Living 

Gained  strength.  Symp- 

(a;-ray).     S.     P.     184. 

1/12— 

12/15,    0.3 

gm. 

tomatically  well. 

D.  70. 

8/20— 

intraven. 

In   next    mo.   2 

doses  0.3 

gm. 

intraven. 

Dilatation     of    arch      of 

3/28  +  +  + 

3/28,    0.2 

gm. 

None 

3    yrs.    + 

Well  up  to    the    present 

aorta  (a;-ray)  ;  systolic 

4/  3+  + 

intraven. 

Living 

time;  working. 

murmur  at  base ;  slight 

4/  5,    0.3 

gm. 

None 

cardiac      hypertrophy ; 

intraven. 

tabes  dorsalis:   angina. 

4/14,    0.3 

gm. 

None 

S.  P.  130.  D.  90. 

intraven. 

Aortic   insufficiency.     No 

5/23  +  + 

5/23,    0.3 

gm. 

None 

1  yr.  5  mos. 

Improvement  with  tempo- 

dilatation of  arch    {x- 

5/29—? 

intraven. 

Dead 

rary   cessation    of    at- 

ray).  Angina   pectoris. 

6/13± 

5/29,    0.3 
intraven. 

gm. 

None 

tacks  after   each  dose. 
Herxhoinier  reaction. 

6/  6,    0.3 

gm. 

None 

Sudden  death  Oct.  1,  1912 

9/11  +  +  + 

intraven. 
6/20,    0.3 

intraven. 
7/15,    0.6 

intraven. 
9/13,    0.6 

intraven. 
9/25,    0.6 

gm. 
gm. 
gm. 
gm. 

None 

None 

Vomiting 

Aortic  insufficiency:   aor- 

6/23+ +  + 

8/24,    0.3 

gm. 

Slight 

4  mos.  Death 

Sudden  death  within  48 

tic  dilatation    (aj-ray). 

intraven. 

hours  of  salvarsan. 

Paroxvsmal        dyspnea 

with  pain.     S.  P.  186. 

D.  58. 

Aortic   insufficiency ;     fe- 

5/11 +++ 

5/16,    0.3 

gm. 

None 

1114    nios. 

Moderate      improvement. 

ver;  anemia. 

5/23+  +  + 

intraven. 

Death 

Loss  of  fever  after  in- 

5/29+++ 

5/23,    0.3 

gm. 

None 

jections  of  Hg.     Death 

6/12+  + 

intraven. 

Oct.    12,    1912,   of  car- 

6/ 6,    0.3 

gm. 

Vomited 

diac  decompensation. 

intraven. 

Aortic  insufficiency;  dila- 

9/13 +  +  + 

9/19,    0.3 
intraven. 

gm. 

Fever 

6  mos.     Liv- 
ing 

tation  of  aorta.     S.  P. 

165.  D.  60. 

Aortic  insufficiency;  dila- 

9/20 +  +  + 

9/13,    0.3 

gm. 

None 

9  mos.     Liv- 

Improvement. For  4  days 

tation  of  arch  (a?-ray). 

intraven. 

Slight 

ing 

before   salvarsan   7   at- 

Attacks of  angina  and 

4/20,    0.3 

gm. 

tacks.  In  next  week  2 

dyspnea.      S.    P.     155. 

intraven. 

attacks. 

D.  50. 

Aneurysm    of    aorta     {x- 

9/  6+  +  + 

9/  7,    0.3 

gm. 

None 

8  mos.     Liv- 

No improvement. 

ray)  ;      differences      in 

9/13  +  + 

intraven. 

ing 

pulses ;  paralysis  of  left 

9/13.    0.3 

gm. 

None 

' 

vocal  cord ;  pressure  on 

inti-aven. 

left  bronchus. 

9/20,    0.3 
intraven. 

9/28,    0.3 

intraven. 

10/  8,    0.3 

gni. 
gm. 
gm. 

Slight 

42  THE     ARCHIVES     OF     INTERNAL     MEDICINE 

TREATMENT 

Since  the  recognition  of  the  sj^philitic  origin  of  certain  cardiovascular 
diseases,  antis^'philitic  treatment  has  been  recommended  and  used  with 
varying  degrees  of  success  (HuclTard,  Fournier,  Osier,  Allbutt).  It  is 
usually  stated  that  such  treatment  may  bring  about  relief  from  pain. 
"Within  the  last  few  years,  howe"^'er,  more  particular  attention  has  been 
paid  to  the  treatment  of  these  cases.  Goldscheider  thinks  that  the  out- 
look is  poor.  Potassium  iodid  is  insufficient  and  must  be  combined  with 
mercury  or  salvarsan.  Oigaard,  on  the  other  hand,  reports  rather  satis- 
factory results  with  the  use  of  mercury  and  iodid.  In  this  manner  he 
has  treated  fifteen  patients  with  marked  improvement  in  all  cases.  This 
benefit  showed  itself  by  the  disappearance  of  substernal  pain,  angina  and 
paroxysmal  dyspnea,  in  increasing  strength  and  returning  ability  to  work, 
and  an  improvement  in  the  anemia  when  this  was  present.  The  relation- 
ship which  he  found  to  exist  between  the  Wassermann  reaction  and  dis- 
appearance of  S3Tiiptoms  is  interesting.  In  six  cases  the  Wassermann 
test  became  negative  during  the  first  cure,  which  lasted  about  three 
months;  in  the  remaining  cases  the  reaction  disappeared  more  slowly, 
and  only  after  two  or  three  courses  of  treatment.  In  three  instances 
there  was  a  return  of  symptoms  while  the  Wassermann  was  still  negative, 
while  in  four  the  symptoms  disappeared  before  the  Wassermann. 

With  the  introduction  of  salvarsan,  Ehrlich's  original  warning  against 
the  use  of  this  drug  in  the  presence  of  cardiovascular  disease  prevented 
for  some  time  its  employment  in  syphilitic  aortitis,  but  now  sufficient 
data  have  accumulated  to  show  that  the  danger  under  such  conditions  is 
slight.  Breitmann,  who  collected  the  cases  of  death  after  salvarsan  injec- 
tions, reported  in  the  literature,  has  discussed  this  question  quite  fully 
from  a  theoretical  standpoint.  He  thinks  the  drug  may  prove  dangerous 
when  there  is  disease  of  the  coronaiy  arteries. 

The  experimental  work  of  Auer"^^  has  sho^vn  that  salvarsan  injected 
intravenously  in  acid  solution  is  dangerous.  Eabbits  and  dogs  injected 
intravenously  with  0.5  per  cent,  acid  solutions  develop  cardiac  dilatation, 
and  show  abrupt  fall  in  blood-pressure  with  immediate  death.  The 
intravenous  injection  of  0.5  per  cent,  alkaline  solution  in  dogs  seems  to 
have  little  effect  on  the  blood-pressure,  and  no  marked  effect  on  the  heart, 
though  its  factor  of  safety  may  be  so  reduced  in  some  instances  that  an 
extra  strain  brings  on  fibrillation  and  death.  With  higher  dilutions  of 
the  drug,  even  acid  solutions  may  be  harmless  when  injected  slowly.  The 
alkaline  solution  employed  by  Auer  is  five  times  as  strong  as  that  used 
for  man  in  whom  0.1  per  cent,  solutions  are  employed.    Hoke  and  Rihl,'- 


71.  Auer:  The  Archives  Int.  Med.,  1911,  viii,  169;  Jour.  Exper.  Med.,  1911, 
xiv,  248. 

72.  Hoke  and  Rihl:  Ztschr.  f.  exper.  Path.  u.  Therap.,  1911,  ix,  332. 
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who  experimented  with  intravenous  injections  of  0.5  per  cent,  salvarsan 
in  alkaline  solution  state  that  such  a  solution  will  lower  the  blood-pressure 
in  rabbits,  but  that  this  is  principally  due  to  its  effect  on  the  central 
nervous  system,  and  not  on  the  heart  and  blood-vessels  directly. 

From  a  practical  standpoint  the  use  of  salvarsan  in  syphilitic  aortitis 
seems  to  be  comparatively  harmless,  though  later  I  will  point  out  a 
possible  source  of  danger  when  large  doses  are  given ;  and  the  main  point 
at  issue  is  as  to  whether  it  is  of  real  benefit.  Weintraud^®  has  reported 
the  results  of  treatment  by  salvarsan  of  twenty-six  cases  of  syphilitic 
heart  and  arterial  disease.  The  cases  included  aortic  insufficiency,  angina 
pectoris,  myocardial  disease  with  syphilitic  arteritis  and  sclerosis  of  the 
cerebral  arteries.  He  has  not  seen  any  ill  effects  from  the  injections. 
Two  to  four  injections  of  0.2  to  0.5  gram  were  given.  In  many  of  the 
cases  there  were  no  symptoms,  or  where  symptoms  were  present  they 
were  so  mild  that  any  benefit  derived  from  the  injections  could  not  be 
estimated.  In  only  three  cases,  all  of  aortic  insufiiciency  with  angina, 
could  he  be  sure  of  improvement.  Others,  too,  have  used  salvarsan  in 
isolated  instances,  but  give  little  information  as  to  its  value  (Fiessinger, 
Goldscheider,  Biermann,  Hirtz  and  Braun,  Schminke^^). 

Salvarsan  has  been  given  to  20  of  my  series  of  cases.  Among  these 
there  were  14  of  aortic  insufficiency,  9  of  which  were  associated  with 
angina  pectoris,  or  attacks  of  paroxysmal  dyspnea,  one  of  these  latter 
having  an  aneurysm  as  well,  5  cases  of  aortitis  associated  with  true 
angina,  anginal  pain  or  cardiac  enlargement,  and  1  case  of  aneurysm. 

The  drug  has  been  given  for  the  most  part  intravenously,  but  in  6 
cases  it  was  used  before  the  intravenous  method  of  administration  became 
general,  and  was  then  given  by  the  Lesser  method  intramuscularly. 
Three  of  these  patients  received  intramuscular  injections  of  0.6  gram,  2 
received  0.45  gram,  and  1,  0.5  gram.  The  remaining  14  cases  have  usually 
been  given  several  doses  of  0.3  gram  intravenously.  In  this  manner  of 
divided  dosage  4  cases  have  received  0.3  gram  each,  2  cases  0.6  gram  each, 
4  cases  0.9  gram  each,  1  case  1.2  gram,  1  case  1.8  gram  and  1  case  3.0 
grams.  The  doses  have  been  given  usually  at  intervals  of  eight  to  ten 
days.  Salvarsan  reactions  have  not  been  very  common.  Severe  reactions 
with  chills,  fever  and  vomiting  or  diarrhea  have  occurred  only  six  times 
in  the  thirty-seven  administrations.  During  the  last  year  freshly  dis- 
tilled water  has  always  been  emploj^ed. 

In  choosing  the  dosage  I  preferred  to  administer  small  amounts 
repeatedly,  rather  than  one  or  two  full  doses ;  and  after  my  rather  limited 
experience  this  attitude  seems  justifiable,  for  it  is  possible  that  there  is 
some  danger  in  giving  large  doses,  particularly  in  patients  with  angina 
pectoris  and  paroxysmal  dyspnea. 


73.  Schminke:  Eeichs.  Med.  Anz.,  Leipz,  1911,  xxxvi,  513,  545. 
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Although  death  has  occurred  in  eight  of  the  twenty  cases,  in  onh'  one 
instance  could  it  be  even  remotely  connected  with  the  injection.  This 
one  patient  suffering  from  aortic  insufficiency,  and  severe  attacks  of 
paroxysmal  dyspnea  and  anginal  pain,  died  suddenly  within  forty-eight 
hours  of  the  first  intravenous  injection  of  0.3  gram.  Even  this  may  have 
been  a  coincidence,  for  on  another  occasion  a  patient  with  angina  died 
suddenly  on  the  day  before  the  first  injection  was  to  be  made.  Cardiac 
decompensation  alone  certainly  does  not  seem  to  be  a  contra-indication. 
Seven  patients  were  in  a  critical  condition  from  decompensation  when 
the  first  dose  was  given.  Except  in  the  case  just  described,  if  any  effect 
was  produced  it  was  improvement. 

All  of  the  fatal  cases  suffered  from  aortic  insufficiency.  Four  patients 
died  of  cardiac  failure,  one  three  weeks,  three  six  months  after  treatment ; 
one  patient  died  of  angina  pectoris  seven  months  after  treatment ;  while 
one  patient  committed  suicide  one  month  after  treatment. 

In  only  one  case  (Xo.  6)  was  it  possible  to  obtain  an  autopsy.  The 
patient  was  in  a  hopeless  state  of  cardiac  decompensation  when  0.45  gram 
of  salvarsan  was  injected  intramuscularly.  He  died  three  weeks  later. 
Autopsy  showed  the  typical  gross  appearance  of  syphilitic  aortitis. 
Microscopically  the  lesion  in  the  aorta  appeared  perhaps  somewhat  less 
cellular  than  the  average,  but  did  not  differ  materially  from  the  lesions 
which  have  been  seen  in  a  number  of  otlier  cases. 

SU]\rMARY 

The  twenty  treated  cases  have  been  summarized  in  the  accompanying 
table  (Table  1).  It  may  be  said  once  and  for  all  that  I  have  observed  no 
definite  beneficial  effect  on  the  cardiac  incompetency  itself,  nor  has  there 
been  any  change  in  the  anatomical  condition.  Signs  of  aortic  insufficiency 
have  not  been  reduced,  nor  have  aneurysms  grown  smaller.  And,  indeed, 
when  one  comes  to  draw  conclusions  relative  to  the  effect  of  certain  ther- 
apy in  a  group  of  cases,  the  symptoms  of  wliieh  are  so  manifold  and  so 
varying,  I  am  aware  tliat  the  most  extreme  precautions  are  necessaiy.  In 
such  a  small  group,  too,  coincidences  may  deceive  one,  and  T  liavc  there- 
fore attempted  to  2:>reserve  as  critical  an  altitude  as  possible. 

It  has,  however,  been  impossible  to  escape  from  tlie  fact  that  certain 
of  these  patients  have  l)een  benefited  by  salvarsan  treatment,  and  this 
after  all  is  not  especially  surprising,  for  these  individuals  must  be 
regarded  as  suffering  not  only  from  a  meclianical  defect  in  the  circulatory 
apparatus,  but  as  well  from  a  localized  chronic  infection.  Thus  it  is 
reasonable  to  suppose  that  if  this  infective  process  is  ameliorated,  or 
cured,  the  general  condition  of  the  patient  will  likewise  improve.  In 
most  instances  this  has  been  the  case.  The  majority  of  patients  feel 
considerably  better  after  one  or  two  injections.     The  patients  who  have 
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improved  sufficiently  to  go  back  fo  work  report  that  they  feel  stronger  and 
better  than  they  have  for  years.  Few,  however,  have  gained  weight, 
though  the  appetite  increases. 

The  most  striking  result,  however,  has  been  the  effect  of  treatment  on 
the  pain  and  attacks  of  paroxysmal  dyspnea.  In  all  but  four  cases,  there 
has  been  permanent,  or  marked  temporaiy  or  immediate  improvement  in 
this  condition.  In  five  cases  there  has  been  up  to  the  present  time 
permanent  relief  of  pain.  Two  of  these  patients  (Nos.  4  and  5)  had 
suffered  for  one  year  when  first  observed.  At  the  present  time,  two  years 
after  treatment,  they  are  well  and  working  hard.  One  patient  (No.  14), 
who  had  suffered  constantly  from  angina  pectoris  for  two  or  three  years, 
is  well  and  working  seven  months  after  treatment.  The  fourth  patient 
(Xo.  13),  Avith  aortic  insufficiency,  aneur3^sm  and  occasional  attacks  of 
paroxysmal  dyspnea,  is  well  and  working  hard  six  months  after  treat- 
ment; aod  in  the  fifth  case  (No.  11),  though  there  has  been  repeated 
decompensation,  pain  of  anginal  nature  which  had  existed  for  five  years, 
has  recurred  but  once  over  a  period  of  ten  months. 

In  six  cases  there  has  been  most  striking  temporary  improvement. 
Two  cases  (Xos.  7  and  9)  that  had  suffered  for  about  a  year  with 
paroxysmal  dyspnea  accompanied  by  excruciating  anginal  pain,  obtained 
complete  temporary  relief.  This  lasted  in  one  instance  for  two  months 
during  which  time  the  patient  was  able  to  go  about  and  do  a  little  work. 
At  the  end  of  this  time  the  attacks  recurred,  became  progressively  worse 
and  the  patient  finally  died.  In  the  other  case  the  improvement  of  much 
the  same  nature,  lasted  only  about  four  weeks.  In  another  case  (No.  3) 
there  was  relief  from  pain  for  six  months.  At  the  end  of  this  time  the 
pain  recurred,  and  since  then  the  patient  has  had  almost  constant  decom- 
pensation. In  one  most  striking  case  of  angina  pectoris  (15)  lasting 
over  a  period  of  one  year,  with  sometimes  six  and  eight  attacks  a  day, 
there  has  been  almost,  or  indeed  entire  relief  for  periods  of  three  weeks 
to  a  month  after  the  injections  of  salvarsan,  during  which  time  the 
patient  could  attend  to  his  daily  work.  At  the  end  of  this  time  the 
attacks  recurred,  gradually  becoming  more  frequent  and  more  severe, 
until  he  finally  returned  to  the  hospital  for  treatment.  Occasionally  he 
only  remained  in  the  ward  one  or  two  days,  and  twice  only  one  night,  so 
that  the  effect  of  rest  or  diet  can  be  excluded.  A  second  patient  with 
angina  pectoris  (No.  12)  left  the  hospital  much  improved  and  remained 
well  for  four  weeks.  Later  he  was  lost  sight  of.  Finally,  a  Avoman  who 
had  attacks  of  angina  for  nine  months  almost  daily,  and  on  any  slight 
exertion,  improved  immediately  while  in  the  hospital,  but  later  had  a 
recurrence.  During  four  days  before  salvarsan  was  given  there  were 
seven  attacks.  During  the  next  two  Aveeks  after  tAvo  doses  of  0.3  gram  of 
salvarsan,  there  were  but  two  attacks. 
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In  the  remaining  cases  there  was  one  patient  with  aortic  insufficiency 
with  severe  broken  compensation  (6),  who  was  apparently  unaffected; 
one  of  severe  angina  pectoris  and  aortic  insufficiency  (No.  8),  who,  after 
one  intramuscular  injection,  showed  no  definite  improvement,  and  died 
during  an  attack.  One  patient  {l^o.  16),  already  described,  who  died 
forty-eight  hours  after  the  first  injection;  while  the  pain  in  one  case  of 
aneurysm  with  cervicobrachial  neuralgia  was  uninfluenced  after  four 
intravenous  injections  of  0.3  gram.  The  remaining  five  cases  improved 
considerably  during  their  stay  in  the  hospital,  but  have  either  been  under 
observation  too  short  a  time  to  say  what  the  result  will  be,  or  have  been 
lost  sight  of. 

In  the  study  of  these  cases  one  fact  has  been  very  strongly  impressed 
on  me,  and  that  is  the  persistence  of  a  positive  Wassermann  reaction,  or 
the  rapid  return  of  a  positive  reaction  after  a  temporary  abatement 
during  treatment.  There  were  eleven  cases  in  which  the  Wassermann 
test  could  be  repeatedly  performed.  In  four  of  these  only  has  it  been 
possible  to  obtain,  so  far,  a  persistently  negative  reaction.  All  four  cases 
showed  marked  improvement  in  symptoms  (Nos.  2,  5,  11  and  13).  In 
the  cases  (Nos.  9  and  15)  it  has  diminished  in  intensity  coincident  with 
a  relief  in  symptoms  only  to  return  again  and  become  strongly  positive 
with  the  recrudescence  in  one  instance  of  attacks  of  paroxysmal  dyspnea, 
and  in  the  other  of  angina  pectoris.  In  the  latter  case  the  reaction  was 
still  positive,  even  though  3  grams  have  been  given.  In  five  other  cases 
it  has  remained  positive  after  the  injection  of  0.9  gram  intravenously, 
and  in  one  case  after  the  injection  of  0.6  gram  intravenously.  But  the 
first  relief  of  symptoms,  even  though  temporary,  has  come  soon  after  the 
first  or  second  injection  in  most  instances,  and  while  the  "Wassermann 
reaction  was  still  positive. 

Thus  the  improvement  in  symptoms  manifests  itself  very  rapidly, 
and  usually  within  four  to  six  days  after  the  injection.  We  have,  how- 
ever, noticed  an  interesting  phenomenon  in  a  number  of  instances, 
namely,  an  increase  in  severity  of  symptoms  within  twenty-four  to  forty- 
eight  hours  after  intravenous  injections.  This  has  been  most  striking  in 
cases  of  angina  pectoris  and  paroxysmal  dyspnea.  During  the  day  or 
two  following  injections  the  paroxysms  of  dyspnea  or  attacks  of  angina 
increase  in  severity  and  number,  then  rapidly  diminish  and  entirely  dis- 
appear. This  was  most  striking  in  one  case  of  angina  pectoris  that 
received  on  three  occasions  0.6  gram  intravenously.  A  careful  record  was 
kept  of  the  number  of  attacks  during  these  periods  and  the  accompanying 
chart  (Fig.  6)  illustrates  the  characteristic  effect. 

I  cannot  but  feel  convinced  that  treatment  by  salvarsan  does  have  a 
distinctly  beneficial  effect  on  the  pain  and  paroxysmal  dyspnea  in 
syphilitic  aortitis,  but  as  I  have  had  more  and  more  opportunity  to  study 
these  cases,  it  has  become  increasingly  evident  that  a  cure  is  exceedingly 
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difficult  to  accomplish.  But  the  very  rapid  amelioration  of  the  pains, 
attacks  of  angina  pectoris  and  paroxysmal  dyspnea  is  not  only  important 
for  the  patient,  but  perhaps  suggests  certain  explanations  for  these  symp- 
toms. So  closely  are  the  attacks  of  paroxysmal  dyspnea  associated  with 
angina  pectoris  in  this  group  of  cases  that  here  at  least  I  prefer  to 
consider  them  together. 

I  am  aware  that  many  explanations  have  been  offered  to  account  for 
the  phenomena,  and  the  theories  of  angina  pectoris  are  legion.  The 
frequent  occurrence  of  lesions  about  the  sigmoid  region,  and  in  the 
immediate  vicinity  of  the  coronary  arteries,  has  led  most  observers  to 
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Fig.  6. — Chart  with  curve  showing  the  number  and  duration  of  attacks  of 
angina  following  the  intravenous  administration  of  salvarsan  in  a  case  of  angina 
pectoris. 

infer  that  disturbances  in  coronary  circulation  in  this  class  of  cases  was 
responsible  for  the  attacks  of  angina  pectoris,  and,  perhaps,  the  attacks 
of  paroxysmal  dyspnea  as  well.  The  conditions,  however,  are  compli- 
cated. One  has  to  deal  with  an  active  infection  at  the  root  of  the  aorta  to 
which  the  nerve  supply  is  rich,  and  where  in  consequence  disturbing 
reflexes  may  be  excited ;  frequently  involvement  of  the  coronary  circula- 
tion, and  in  a  large  proportion  of  instances,  actual  insufficiency  of  the 
aortic  valves  with  the  resultant  changes  in  pressure  in  the  left  ventricle 
and  their  effects.     It  is  impossible  here  to  discuss  the  subject  of  angina 
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pectoris.  I  need  only  refer  to  the  works  of  Huchard,  Rosenbach.'*  Osier,'* 
Ton  Xeusser'^  and  Mackenzie.'^ 

"We  have  not  in  tlie  least  been  al)le  to  convince  ourselves  from  autopsies 
in  these  cases  that  tliere  was  any  direct  association  between  disease  of  the 
coronary  arteries  and  attacks  of  angina  pectoris  or  paroxysmal  dyspnea. 
Almost  complete  occlusion  of  the  mouths  of  the  coronary  arteries  has 
been  found  without  either  symptom  appearing  during  life,  and  attacks 
of  angina  and  paroxysmal  dyspnea  have  occurred  in  cases  which  at 
autopsy  showed  large  coronary  arteries  with  wide  mouths. 

That  these  attacks  may  be  associated  Avith  acute  distention  of  the 
ventricle  is  possible,  since  all  have  occurred  in  cases  of  aortic  insufficiency, 
but  certainly  such  attacks  are  much  more  common  in  syphilitic  aortitis 
than  in  aortic  insufficiency  caused  by  rheumatic  fever. 

The  study  of  my  cases,  however,  has  suggested  very  strongly  that 
these  S3inptoms  are  closely  associated  with  the  inflammatory  reaction  at 
the  root  of  the  aorta,  and  are  directly  dependent  on  it.  The  fact  first 
that  symptoms  may  increase  temporarily  in  severity  following  intravenous 
injections  of  salvarsan,  and  that  the  most  pronounced  reactions  have 
occurred  with  the  largest  doses  lends  support  to  the  idea  that  this 
represents,  as  it  were,  a  Herxheimer  reaction,  and  that  the  increase  in 
symptoms  is  due  to  the  increased  reaction  of  the  tissues  towards  the 
liberation  of  toxin  in  excess  from  rapidly  destroyed  spirochetes.  Follow- 
ing this  there  is  rapid  subsidence  of  symptoms,  so  rapid,  indeed,  that  it 
could  scarcely  be  ascribed  to  very  great  modification  in  anatomical  struc- 
ture. Tliere  might,  however,  be  rapid  improvement  in  the  inflammatorv 
reaction.  Finally,  tlie  temporary  relief  of  symptoms  with  severe  recrudes- 
cences could  best  be  explained  by  associating  the  symptoms  directly  with 
the  progress  of  the  inflammation. 

The  paroxysmal  dyspnea,  as  I  have  already  suggested,  simulates  very 
closely  an  attack  of  asthma,  and  on  account  of  the  sudden  onset,  the 
violent  type  of  expiratory  dyspnea  with  suffocating  sensations,  the  acute 
emphysema,  and  rapid  subsidence,  it  impresses  one  as  an  acute  tem- 
porary bronchospasm.  That  such  an  explanation  holds  for  many  cases 
of  true  asthma,  seems  most  probable.  Indirectly,  too,  the  recent  experi- 
ments of  Januske  and  Pollak'*  have  some  bearing  on  the  question,  for 
they  have  been  able  to  offer  an  explanation  for  the  beneficial  effect  of 
epinephrin  in  asthma.  They  found  that  the  marked  bronchiospasm 
caused  by  the  injections  of  muscarin  or  peptone  in  animals  was  promptly 
relieved  by  injections  of  epinephrin  and  less  rapidly,  but  more  perman- 
ently by  atropin.     Pal,'"  too,  has  reported  that  such  substances  as  epi- 

74.  Rosenbach:     Die  Kranklieiten  des  Herzens,  1897. 

75.  Osier:  Angina  Pectoris,  1897. 

76.  Von  Xeusser:   Angina  Pectoris,  1909. 

77.  Mackenzie:   Lancet,  London,   1895,  i,   IG. 

78.  Januske  and  Pollak :  Arch.  f.  exper.  Pathol,  ii.  Pliarniakol.,  1911,  Ixvi.  205. 

79.  Pal:  Deiitsch.  mcd.  Wclinschr.,  1912,  xxxviii,  5. 


WAR  FIELD     T.     LOyGCOPE  49 

neplirin,  atropin,  caffein  and  the  nitrites  which  act  as  vasodilators  to  the 
coronary  arteries,  prodnce  a  dilatory  eflEect  as  well  on  the  bronchial  mus- 
culature. Eecently  Park/"  by  direct  experiment,  has  confirmed  these 
results  obtained  with  epinephrin.  In  the  cases  of  paroxysmal  dyspnea 
nitroglycerin,  as  mentioned  before,  seems  to  have  some  effect  in  cutting- 
short  the  attack,  and  in  cases  which  have  been  watched  for  days  or  even 
weeks  in  the  wards  before  salvarsan  was  given  it  was  the  only  drug  which 
seemed  to  have  any  influence.  It  is  possible  that,  if  it  had  any  effect 
at  all,  it  is  through  a  relief  of  bronchiospasm,  and  not  from  its  action  on 
the  coronary  arteries.  Atropin  has  been  employed  a  few  times,  but  not 
sufficiently  often  to  say  anything  regarding  its  action.  Epinephrin  I 
have  feared  to  use. 

Having  still  more  important  bearing  on  this  subject  are  some  old 
experiments  of  Francois  Frank^^  on  aortic  reflexes.  By  irritating  the 
inner  surface  of  the  aorta  of  dogs  he  was  able  to  produce  quite  constantly 
certain  respiratory  phenomena.  These  consisted  of  three  tj'pes:  (1) 
Sudden  apnea  with  the  respiratory  muscles  in  spasm  either  during  the 
inspiratory  or  expiratory  phase,  or  apnea  with  general  inhibition  of  all 
respiratory  movements;  (3)  tachypnea,  without  severe  constitutional 
symptoms,  and  (3)  a  slow  dyspnea  of  severe  and  grave  form.  The  cause 
of  this  dyspnea  he  showed  quite  plainly  was  spasm  of  the  bronchial  mus- 
culature. He  believed,  too,  that  there  was  coincident  contraction  of  the 
pulmonary  artery.  Associated  with  this  type  of  dyspnea  was  a  contrac- 
tion of  the  peripheral  vessels  and  rise  of  blood-pressure.  Occasionally  a 
spasm  of  the  laryngeal  muscles  occurred.  In  other  cases  he  was  able  to 
produce  all  the  signs  of  aortic  insufficiency  (the  capillary  and  collapsing 
pulse)  save  a  diastolic  murmur  through  irritation  of  the  root  of  the 
aorta  and  without  injur}-  to  the  sigmoid  valves.  Stewart*-  has  observed 
this  last  phenomenon  and  considers  it  as  a  reflex  from  the  root  of  the 
aorta,  and  in  some  experiments  in  which  aortic  insufficiency  was  per- 
formed on  dogs  I  have  repeatedly  confirmed  this  observation.  That 
Frank's  respiratory  phenomena  have  not  been  noted  since  is  almost  cer- 
tainly due  to  the  method  of  experimentation,  for  in  Stewart's  experiment, 
and  in  those  which  othei's  have  performed,  full  ether  anesthesia  or  arti- 
ficial respiration  was  employed. 

It  is  thus  evident  that  disturbing  reflexes  may  be  set  up  experi- 
mentally in  animals  by  irritation  of  the  root  of  the  aorta,  and  there  is  no 
reason  to  suppose  that  the  same  thing  should  not  be  true  for  man.  The 
dyspnea  caused  by  bronchiospasm,  and  the  contraction  of  the  peripheral 
arteries  producing  heightened  blood-pressure  in  the  experimental  animal 
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is  a  close  reproduction  of  tlie  paroxysmal  dyspnea  as  it  occurs  in  syphilitic 
aortitis,  and  it  seems  quite  justifiable  to  suggest  that  the  two  conditions 
are  the  same.  It  would  be  difiicult  to  explain  the  increase  in  blood- 
pressure  which  occurs  during  these  attacks  in  man  on  the  presence  of 
pain,  or  of  cyanosis,  for  pain  is  frequently  absent  and  dyspnea  may  con- 
tinue for  some  time  (fifteen  to  thirty  minutes)  after  the  sudden  drop  in 
blood-pressure  which  comes  with  the  relief  of  acute  symptoms.  Our 
observations,  therefore,  seem  to  lend  strong  support  to  the  idea  that  these 
sjinptoms  are  dependent  on  a  reflex  generated  at  the  root  of  the  aorta  by 
the  syphilitic  inflammatory  process. 

Hoover^^  has  recently  called  attention  to  certain  respiratory  phe- 
nomena which  he  believes  are  associated  with  disturbances  of  the  vagus 
nerve.  In  two  cases  there  were  attacks  of  paroxysmal  dyspnea  and  acute 
emphysema  associated  in  one  with  an  inflammatory  mass  in  the  media- 
stinum, and  in  another  with  aneurysm  of  the  arch  of  the  aorta.  In  both 
these  cases  the  vagi  were  found  at  autopsy  involved  in  the  tumor  masses. 
In  two  other  cases  of  aortic  insufficiency  there  occurred  attacks  of  tachyp- 
nea associated  with  slow  pulse.    Both  patients  were  relieved  by  atropin. 

Though  there  is  no  positive  evidence  other  than  the  results  of  treat- 
ment that  the  cases  of  angina  pectoris  as  well  as  those  of  paroxysmal 
dyspnea  in  this  group  are  of  reflex  origin,  the  definite  Herxheimer  reac- 
tion combined  with  the  rapid  improvement  and  later  recurrences  suggest 
that  the  actual  inflammation  of  the  wall  of  the  aorta  is  of  great  impor- 
tance in  determining  the  onset  of  these  attacks.  The  immediate  cause  of 
the  attacks  of  angina  may  of  course  be  constriction  of  the  coronary 
arteries,  but  the  true  etiology  probably  lies  in  the  diseased  aorta,  and  not 
in  the  coronary  arteries  themselves. 

There  are  not  lacking  those  who  have  regarded  angina  pectoris  as  a 
reflex  depending  on  reflex  nerve  impulses.  Nothnagel's^*  theory  of  angina 
pectoris  vasomotoria  is  well-known.  Huchard,  though  recognizing  that 
inflammations  about  the  root  of  the  aorta  might  cause  a  reflex  angina 
pectoris  from  involvement  of  the  nerves,  would  exclude  such  cases  from 
the  category  of  true  angina  pectoris.  Eecently  this  whole  question  has 
been  discussed  by  Heitz.*'^  Actual  disease  of  the  cardiac  plexuses  has  been 
described  by  Benenati^^  in  two  of  three  cases  of  syphilitic  aortitis  with 
angina  pectoris,  but  others  have  not  been  able  to  confirm  these  findings. 
It  does  not  seem  necessary,  however,  to  presuppose  such  lesions,  since 
involvement  of  the  nerve  endings  in  the  root  of  the  aorta  might  be 
sufficient  to  determine  the  onset  of  reflexes. 

The  question,  of  course,  complicated  as  it  is,  should  be  put  to  experi- 
mental proof  before  going  further,  but  the  suggestion  that  these  attacks 
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of  paroxysmal  dyspnea  and  angina  pectoris  in  this  particular  class  of  case 
are  directly  connected  with  the  syphilitic  inflammation  at  the  root  of  the 
aorta,  and  that  these  symptoms  are  of  reflex  nature  rather  than  dependent 
on  anatomical  lesions  of  the  coronary  arteries,  seems  in  accord  with  my 
observations. 

The  permanent  relief  of  these  symptoms  can  only  be  obtained,  if  at 
all,  by  the  most  persistent  treatment.  It  is  probably  difficult  to  reach  the 
spirochetes  by  the  blood-stream,  so  that  the  diseased  aorta  is  hard  to 
attack.  I  have  been  more  and  more  impressed  with  the  necessity  of  giving 
repeated  doses  of  salvarsan,  and  am  now  not  as  much  discouraged  by 
recurrences  as  at  first.  It  may  be  that  neosalvarsan  will  prove  more 
efficacious,  or  the  combination  of  salvarsan  with  injections  of  mercury. 
Salvarsan,  however,  would  seem  to  be  the  best  method  of  primary  attack, 
since  the  symptoms  which  may  be  relieved  are  immediately  dangerous  to 
the  life  of  the  patient.  The  possibility  of  producing  a  Herxheimer  reac- 
tion in  cases  with  paroxysmal  dyspnea  and  angina  pectoris  should  be 
constantly  borne  in  mind,  and  in  such  instances  full  doses  might  bring 
about  an  alarming  immediate  increase  in  symptoms  or  sudden  death. 

CONCLUSIONS 

Syphilis  produces  a  characteristic  lesion  of  the  aorta,  which  is  respon- 
sible, as  is  shown  by  autopsy  statistics  and  the  Wassermann  reaction,  for 
most  aneurysms,  about  75  per  cent,  of  cases  of  aortic  insufficiency  in 
adults,  many  cases  of  dilatation  of  the  aorta,  and  a  certain  group  of  cases 
of  angina  pectoris. 

The  infection  of  the  aorta  probably  takes  place  during  the  secondary 
stage,  and  though  the  symptoms  and  signs  of  syphilitic  aortitis  with  the 
complications  may  develop  within  a  few  months  of  infection,  the  process 
usually  remains  latent,  or  unrecognized  for  an  average  of  sixteen  to 
seventeen  years.  Thus,  syphilitic  aortitis  is  probably  a  common  cause 
for  the  presence  of  a  positive  Wassermann  reaction  in  so-called  latent 
syphilis. 

The  early  symptoms  and  signs  of  syphilitic  aortitis  are  a  positive 
"Wassermann  reaction,  precordial  pain,  slight  dyspnea,  attacks  of  parox- 
ysmal dyspnea  and  angina  pectoris,  cardiac  hypertrophy,  increased  pul- 
sation of  the  vessels  of  the  neck  and  signs  of  dilatation  of  the  aorta. 

The  precordial  pain,  paroxysmal  dyspnea  and  angina  pectoris  are 
temporarily  or  permanently  relieved  by  repeated  injections  of  salvarsan, 
but  in  certain  instances  these  symptoms,  especially  after  large  doses,  may 
be  aggravated  for  the  first  forty-eight  hours  after  injection. 

The  paroxysmal  dyspnea,  which  may  be  regarded  as  acute  bronchio- 
spasm,  and  possibly  the  angina  pectoris  in  syphilitic  aortitis  is  dependent 
on  the  inflammatory  reaction  in  the  wall  of  the  aorta,  and  may  be 
regarded  as  reflex  disturbances  set  up  by  the  syphilitic  process  involving 
the  root  of  the  aorta. 
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THE  MINUTE  VOLUME  AND  ALVEOLAE  AIK  IN 
PULMONAKY  EMPHYSEMA  * 

C.  F.  HOOVER,  M.D. 

CLEVELAND 

This  discussion  will  deal  with  two  phases  of  pulmonary  emphysema 
which  have  to  do  with  the  lung  as  a  respiratory  organ  quite  apart  from 
the  respiratory  threshold,  minute-volume  of  blood  passing  through  the 
pulmonary  circulation  and  influences  from  the  peripheral  nerve  supply 
of  the  respiratory  organs. 

Patients  who  apparently  have  the  same  degree  of  emphysema  behave 
in  different  ways.  One  of  my  patients  had  pronounced  c3'anosis,  a 
respiratory  rate  of  16  to  18  per  minute,  a  minute-volume  of  respired  air 
of  8  liters,  Co,  content  of  his  alveolar  air  was  8.55  per  cent.  This 
patient  did  not  suffer  from  air  hunger  and  never  had  an  asthmatic 
attack. 

The  second  patient  presented  two  phases.  On  admission  to  the  hos- 
pital he  was  cyanotic.  The  respiratory  rate  was  14  per  minute.  The 
minute-volume  of  respired  air  was  from  8  to  10  liters.  The  alveolar  air 
contained  7.2  per  cent,  of  Co^  and  air  hunger  was  pronounced.  A  few 
days  later  conditions  improved.  He  no  longer  suffered  from  air  hunger, 
but  the  respiratory  rate  was  15  per  minute,  the  minute  volume  of  respired 
air  was  6.380  liters.  Plis  alveolar  air  contained  5.3  per  cent,  of  Coo  and 
cyanosis  had  disappeared.  At  first  glance  one  would  say  the  lung  ven- 
tilation was  much  better  during  the  first  period  and  therefore  the  real 
difficulty  consisted  in  an  impairment  of  the  lung  as  the  organ  of  external 
respiration;  i.  e..  the  lung  did  not  afford  a  good  medium  for  the  inter- 
change of  carbon  dioxid  and  oxygen  between  the  blood  and  alveolar  air. 
But  we  will  see  later  in  the  discussion  the  real  difficulty  did  not  consist 
in  an  impairment  of  the  respiratory  function,  but  in  the  ventilation 
function.  Thus  far  my  observations  have  been  made  on  cases  of  marked 
emphysema  which  differed  much  in  the  clinical  symptoms  of  cyanosis,  air 
hunger  and  minute-volume  of  respired  air.  l>ut  when  tliis  external 
respiration  was  investigated  it  was  found  that  the  patients  all  suffered 
from  impaired  ventilation,  but  reacted  differently.  A  significant  clinical 
test  carried  out  on  the  patients  substantiates  this  explanation.    None  of 
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these  patients  showed  the  slightest  niodiiication  of  their  symptoms  when 
they  breatlied  an  atmosplieve  of  pure  oxygen.  In  other  words  they  were 
not  suffering  from  a  low  oxygen  content,  but  from  a  high  carbon  dioxid 
content  of  their  alveolar  air  and  this  can  be  ascribed  only  to  impaired 
ventilation. 

Patients  who  sulfer  from  an  impairment  of  the  external  respiratory 
function  must  of  necessity  get  relief  from  the  inhalation  of  oxygen.  This 
is  very  clearly  demonstrated  in  pulmonary  edema  and  bronchopneumonia 
of  children,  whose  cyanosis  is  instantly  relieved  by  the  inhalation  of 
oxygen,  when  tlie  real  difficulty  is  impaired  ventilation  tliruughout  the 
entire  lung.  In  my  personal  experience  I  have  known  only  one  patient 
who  got  relief  from  the  inhalation  of  oxygen,  and  I  did  not  have  the 
opportunity  of  confirming  that.  I  have  only  the  patient's  personal  testi- 
numy  and  that  must  he  received  with  cauticm  from  emphysematous  and 
asthmatic  persons. 

The  signiiicnnce  of  ])atliological  changes  in  llie  alveolar  walls  of 
atrophic  emphysi'matous  lungs  seems  very  doul)tful  in  all  of  the  ca.ses  I 
have  studied.  Inhalation  of  oxygen  is  a  good  clinical  method  of  differ- 
entiating between  these  two  functions,  viz.,  external  respiration  and  lung 
ventilation. 

The  early  observations  on  the  first  patient  were  made  with  the  aid 
and  direction  of  Dr.  J.  J.  E.  Macleod  in  the  physiological  laboratory.  I 
wish  liere  to  expi-ess  my  thanks  and  acknowledge  the  debt  of  gratitude  I 
owe  him  for  his  active  aid  and  instruction  in  the  use  of  the  physiologist's 
methods  of  studying  respiration  and  for  many  helpful  suggestions.  , 

The  method  used  in  studying  alveolar  air  is  that  described  by  Haldane 
and  Priestly.^  Specimens  of  the  tidal  air  were  j^rocured  by  Zuntz's 
method,  and  the  analyses  of  the  respired  air  were  made  with  Haldane's 
modification  of  Petterson's-  apparatus. 

The  first  patient  was  a  man  46  years  old,  5  ft.  6  in.  liigh,  and  weigliing  140 
pounds  wlien  these  observations  were  begun  in  December,  1910. 

The  patient  had  pronounced  cyanosis  of  the  lips,  nose,  ears,  tongue  and  fingers. 
Drumstick  finger  tips  were  marked.  The  patient  denied  ever  having  had  any 
attack  of  asthma  or  exiJeriencing  the  sense  of  air  hunger.  His  persistent  complaint 
was  a  sense  of  fulness  and  slight  pain  over  the  frontal  region  and  a  sense  of 
fulness  and  pressure  in  the  epigastrium.  There  A\as  moderate  cough  and  very 
little  expectoration.  At  this  time  in  1910  the  patient  worked  as  presser  in  a 
garment  factory  and  suffered  no  inconvenience  at  liis  work  on  account  of  tlie 
emphysema. 

The  heart's  apex  was  in  the  sixth  interspace  and  the  left  border  of  the  heart 
extended  14  cm.  to  the  left  of  the  median  line  in  the  sixth  interspace.  The  right 
cardiac  border  extended  6  cm.  to  the  right  of  the  median  line  in  the  fourth  inter- 
space. There  were  no  mnrnuirs  nor  accentuation,  nor  palpable  thrills  or  palpable 
closures  from  any  of  the  heart's  valves.  The  veins  of  the  neck  and  upper  extremi- 
ties  were  rather  large  but  no  abnormal  venous  pulsations  were  visible.     There 
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were  no  signs  of  any  impairment  of  the  mass  movement  of  blood  and  Dr.  G.  N. 
Stewart'  estimated  the  mass  movement  through  Ihe  liands,  and  found  it  quite 
normal  according  to  his  method. 

The  lungs  Avere  very  emphysematous.  The  lower  borders  were  at  the  ninth 
ril)  in  the  axillary  line  on  l)Otli  sides  and  filled  the  pleural  sinus  posteriorly. 

The  costal  angle  was  not  enlarged  during  inspiration  and  the  antero-lateral 
portion  of  the  thoracic  wall  from  the  sixth  to  the  ninth  ribs,  inclusive,  were  drawn 
toward  tiie  median  line  during  inspiration.  The  epigastrium  was  protruded  but 
the  lower  end  of  the  sternum  was  drawn  toward  the  vertebra.  From  a  posterior 
view  one  sees,  however,  a  distinct  increase  in  the  transverse  diameter  of  the  base 
of  the  thorax  in  the  plane  of  the  posterior  axillary  line.  When  the  diaphragm 
occupies  a  low  position  the  following  phenomena  are  observed  during  respiration: 
Retraction  of  the  lower  end  of  the  sternum,  a  luirrowing  or  a  want  of  enlargement 
of  the  costal  angle  and  approximation  of  the  hypochondria  and  jjrotrusion  of  the 
ei^igastrium.  These  signs  were  always  very  pronounced  in  this  jjatient  for  the  two 
years  he  was  under  observation.  Auscultation  revealed  the  characteristic  pro- 
longed expiratory  murmur  and  an  abundance  of  coarse  and  medium  dry  and  an 
occasional  moist  rales  during  inspiration  and  expiration. 

The  patient  had  a  moderate  cardiac  enlargement  without  any  signs  of  disease 
of  either  the  pulmonary  or  aortic  arterial  systems.  2so  signs  of  mediastinal  dis- 
ease or  disease  of  the  pericardium.     The  minute-volume  of  blood  was  normal. 

The  striking  feature  about  this  patient  was  the  cyanosis  without  dyspnea  and 
without  any  indication  of  cardiovascular  disease. 

The  alveolar  air  was  estimated  a  great  many  times  over  a  period  of  sixteen 
months  and  the  CO.  content  was  never  lower  than  7.5  per  cent,  and  was  most  of 
the  time  between  8.1  per  cent,  and  8.5  per  cent. 

October  14,  1911,  the  following  four  analyses  were  made  of  the  alveolar  air: 

1.  C'Oo    =  8.35  per  cent. 

Oo    ^11.70  per  cent. 

2.  fO.   =  8.99  per  cent. 

Oa   =12.70  per  cent. 

3.  CO,    =  8.2     per  cent. 

Oo    =12.41  per  cent. 

4.  CO,    =  8.55  per  cent. 

0,    =11.04  per  cent. 

The  cyanosis  and  partial  pressure  of  CO^,  in  the  alveolar  air  sustained  a  very 
constant  relation  to  each  other.  January  20,  1911,  when  he  was  able  to  be  at 
work  and  had  pronounced  cyanosis  the  alveolar  air  contained  in  two  analyses 
7.3  per  cent,  and  7.5  per  cent,  of  CO..  December  11,  when  he  was  admitted  to  tlie 
hospital  complaining  of  headache  and  a  sense  of  pressure  in  the  epigastrium  and 
Jiad  too  a  marked  increase  of  the  bronchial  symptoms  and  intense  cyanosis,  the 
nlccolar  air  contained  9.7  per  cent,  of  CO,  and  10.73  per  cent,  of  oxygen. 

On  the  former  occasion  wlien  I  he  CO,  content  of  the  alveolar  air  was  7.5  per 
cent,  tiie  respiratory  rate  was  IS  per  minute  and  the  minute  volume  was  8.530 
liters. 

On  the  latter  occasion  when  cyanosis  was  much  more  intense,  the  respiratory 
rate  was  19  per  minute,  the  CO,  content  of  tlie  alveolar  air  was  9.7  per  cenl.  and 
the  minute-volume  was  8.530  liters.  He  not  only  tolerated  a  high  CO,  content  of 
the  alveolar  air  at  all  times  but  tolerated  an  increase  from  7.5  per  cent,  to  9.7 
per  cent,  without  air  hunger  or  any  material  change  in  the  rate  or  minute-volume 
of  respiration.  Tliis  is  a  striking  result  when  compared  with  the  intolerance  of 
(fh  in  normal  persons,  and  also  when  compared  with  the  tolerance  of  an  increase 
in  the  CO,  of  the  patient's  alveolar  air.  after  forced  breathing  and  attempts  at 
holding  the  breath  to  tlic  bicakiiiL;   poinl. 


3.  Stewart.  G.  N.;    Heart,  iii.  '.'•'■>  ami  7<'p 
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Marcli  17.  IIUI.  tlie  foliowiiiii  oxperinients  wore  made: 

The  aheolnr  air  of  Drs.  MaoUxxl.  Wveoif  and  myself  eontaiiiod  liio 
following: 

J.   J.  E.  M.        =5.67  per  cent.  CO,  C.   F.   H.  =5.1      per  cent.  CO, 

C.    \V.  ^o.S      per   cent.   CO,  Patient  Sam  P..  =  S. I      i)er   cent.   CO, 

We  then  took  the  alveolar  air  of  eaeh   at  the  hreaking  point  after 

hohlins  the  breath  as  long  as  possible  with  the  following  results: 

J.  J.  E.   :M.       =6.71   per  cent.  CO,  C.    F.    H.  =6.71    per  cent.  CO, 

C.  W.  =:7.27  per  cent.  CO,  Sam  P>.  =  !».(l  and '.t.7      per  cent.  CO, 

Sam  H.  tiiei"  breathed  as  deeply  and  as  rapidly  as  possible  twenty 
times  in  30  seeonds:  a  ])eriod  of  apnea  for  18  seconds  followed.  Then 
with  the  resumption  of  automatic  respiration  the  alveolar  air  contained 
!).4  per  cent,  of  C'(K,.  Anothei'  time  Sam  ?>.  breathed  twenty-five  times 
in  30  seconds.  A])nea  for  IS  seconds  followed,  and  with  the  resumption 
of  automatic  res])iration  the  alveolar  air  contained  10. "^S  per  cent,  of  CO.. 
Xine  months  later  when  his  cyanosis  was  very  intense  he  did  ]iot  suffer 
from  air  hunger  (10  respirations  per  minute),  and  the  })ercentage  of  VO.^ 
in  the  alveolar  air  had  attained  a  percentage  which  equalled  his  maximum 
endurance  on  the  former  occasions  when  the  CO^,  in  his  alveolar  air  was 
8.1  per  ceiit.  during  tranquil  breathing. 

There  was  another  ])oint  of  interest  in  Sam  1?.  relative  to  his  high 
respirator}'  thi'eshold.  lie  never  had  a])nea  wlu'u  awake,  but  when  the 
inhibition  of  sleep  was  added  to  his  ordiiuirily  high  respiratoiy  thieshold, 
apnea  ensued.  In  this  instance,  as  in  instances  of  slumber  a]mea  asso- 
ciated with  sclerosis  of  the  cerebral  arteries,  the  apnea  occuired  in  light 
sleep.  Jan.  27,  1911,  Dr.  Macleod  took  a  tracing  of  Sam  B."s  lespiration 
in  the  pneumograph  constructed  after  Haldane's  design,  'i'he  accom- 
])anying  tracing  shows  periods  of  apnea  (Fig.  1).  In  the  tracing 
the  upward  stroke  marks  the  ex[)iratorv  excursion.  In  watching  the 
tracing  we  were  at  first  much  concerned  to  see  the  cessation  of  respiration, 
but  as  the  apnea  recurred  it  was  ob.served  respiration  ceased  as  the 
patient's  eyelids  closed  in  sleep.  We  had  repeated  opixirtunities  to  observe 
this  fact.  It  was  interesting  to  see  the  upstroke  of  the  lever  to  the 
abscissa  mark  the  expii'atory  phase  of  the  thorax  as  the  eyelids  fell  in 
sleep.  Unlike  the  slumbei'  apnea  of  arterial  disease  the  a])nea  was  not 
followed  by  liy])erpnea  and  air  hunger.  As  the  apnea  ceased  and  the 
])atient  simultaneously  wakened  and  resunu^d  automatic  respiration  the 
rate  and  rhythm  and  depth  of  the  res])iiatoi'y  excursions  were  resumed 
as  they  were  up  to  the  moment  of  apnea. 

On  the  day  the  tracing  in  the  ]meumograph  was  taken  Sam  B.'s 
alveolar  air  contained  7.5  per  cent..  7.0  ])er  cent,  and  8.0  per  cent,  of  ('0._, 
in  three  analyses.    His  minute-volume  of  respired  air  was  7.9  liters. 

Dec.  15,  1011.  Sam  B.'s  alveolar  air  contained  0.59  per  cent.  CO..  and 
10.00  per  cent,  of  oxvgen.     Cvanosis  was  much  moie  i)i'onounced  Ihan  on 
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the  day  the  pjieumograph  tracing  was  inatle.  AMien  liis  cyanosis  was  so 
prononnced  and  ]iis  alveolar  air  contained  9.59  per  cent.  C'O^  he  would 
lie  in  l)ed  and  go  to  slec])  for  short  intervals  of  five  or  ten  minutes.  It 
was  common  for  him  to  go  to  sleep  live  or  six  times  in  an  hour,  but  when 
he  went  to  sleep  he  did  not  cease  breathing.    It  seems  the  jiartial  ])ressure 


Fig.  1. — Read  from  left  to  riglit.  TIic  upstroke  marks  the  expiratory  excur- 
sion. Tlie  arrests  of  respiration  in  the  expiratory  phase  mark  the  points  at 
which  the  patient  went  to  sleep. 


Fig.  2. — Read  from  left  to  right.  The  upstroke  marks  the  expiratory  excursion. 
Note  tliat  oxygen  in  solution  did  not  modify  the  respiration,  whereas  the  excur- 
sions increased  the  in>taiit  -nine  carlnin  dinxid  wa-  intro(hiccil  into  tlic  rc>i)ired 
air. 

of  COo  was  so  high  that  a))uca  was  neve]'  allowed  in  his  iiioinciits  of 
slumber.  During  this  period  his  respiratory  rate  was  27  per  luiiuite.  but 
the  minute-volurne  was  onlv  n.ofit;  liters.     When  asked  if  he  siilVcrtMl  from 
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a  sense  of  air  hunger  he  always  protested  that  he  had  no  difficulty  in 
breathing  and  said  his  only  trouble  was  headache  and  a  sense  of  pressure 
in  the  epigastrium.  The  man  was  really  suffering  from  carbon  dioxid 
poisoning.  During  the  winter  and  spring  we  repeatedly  gave  him  large 
amounts  of  oxygen  to  breathe,  and  although  the  partial  pressure  of 
oxygen  in  the  air  he  breathed  was  as  high  as  50  per  cent.,  it  never  modi- 
fied the  respiration  in  any  way. 

We  have  in  this  patient  a  heightened  respiratory  threshold  with  an 
alveolar  air  rich  in  COo  and  poor  in  oxygen,  without  hyperpnea  and  with 
a  normal  minute-volume  of  respired  air.  The  lung  ventilation  is  there- 
fore apparently  but  not  really  good. 

The  tidal  air  was  then  estimated  according  to  Zuntz's  method  and 
the  alveolar  air  was  analyzed  at  the  same  time.  It  is  clear  that  the  COo 
given  off  must  come  from  the  alveolar  air  and,  as  Haldane  suggests,  if  we 
know  the  minute-volume  of  respired  air  and  its  content  of  COo  and  also 
the  content  of  CO.,  in  the  alveolar  air,  then  we  have  a  formula  for 
estimating  the  proportion  of  alveolar  to  tidal  air.  I  have  a  minute- 
volume  of  8.16  liters.  This  minute-volume  of  air  contains  3.28  per  cent, 
of  COo  and  my  alveolar  air  contains  5.05  per  cent,  of  COo.  We  have  the 
formula : 

3.28  times  8.16  liters=5.05 
3.28  times  8.16 

therefore =:alveolar  air 

5.05 

Dec.  8,  1911,  the  Zuntz  apparatus  was  used  for  collecting  a  sample 

of  air  from  Sam  B. 

Time  of  eollection=:10.25  min. 
Rate  of  respiration=12  per  min. 
Minute-volume^9.16  liters. 

Zuntz  specimen:  C02=:4.23  per  cent,  or  Q.387  L  per  min.;  Oo=17.45  per  cent. 
Alceolar  air:  C02:=8.3  per  cent.;  O„=:10.9  per  cent. 

The  alveolar  air=:4.66  liters  which  is  50.9  per  cent,  of  the  minute-volume. 
The  respiratory  quotient=:1.2. 

Dec.  11,   1911,   Sam  B.  was  more  cyanotic  than  at  the  time  the 

previous  specimen  was  taken.    His  diet  was  also  more  liberal. 

Time  of  collection=ll  minutes. 

Rate  of  respiration=19.1  per  min. 

Minute-volume=:8.53  liters. 

Zuntz  specimen:  CO,=3.84  per  cent,  or  0.327  L.  per  minute;  0.=15.94  per  cent. 

Alveolar  air:   C02=9.77  per  cent.;   02=10.73  per  cent. 

Alveolar  aii-=3.35  liters  or  39.2  per  cent,  of  the  minute-volume. 

Respiratory  quotient=0.7. 

Another  Zuntz  specimen  taken  the  same  day. 

Time  of  collection=ilO  minutes. 

Average  rate  of  respiration=27  per  min. 

!Minute-volume=8.73  liters. 

COv=3.94  per  cent,  or  0.343  liters  per  min. 

02=16.9  per  cent,  or  0.375  liters  absorbed  per  min. 


58  THE     ARCHIVES     OF     INTERNAL     MEDICINE 

Alveolar  air=3.52  liters  or  40.3  per  cent,  of  minute-volume. 
Rcsp.  quotient=0.9. 

Dee.  15,  1911.     Cyanosis  very  pronounced. 
Time  of  collection=:12  min  . 
Minute-volume^6.566  liters. 
Eate  of  respiration=27  per  min. 

Zuntz  specimen:  C02^5.21  per  cent,  per  min.  =  0.342  liters;  00=13.495  per 
cent,  or  absorbed  per  min.=0.541  L. 

Alveolar  air:   COo^9.59  per  cent.;   02=10.09  per  cent. 

The  alveolar  air=3.567  liters  or  54  per  cent,  of  minute-volume. 

Resp.  quotient=0.64. 

Compare  the  results  with  the  same  apparatus  in  my  own  respiration 
and  we  find  that  my  alveolar  air  varied  from  64  to  82  per  cent,  of  the 
minute- volume.  When  my  respiratory  rate  was  10  per  minute  the  alveolar 
air  constituted  from  64  to  77  per  cent,  of  the  tidal  air.  Whereas,  Sam 
B.'"s  alveolar  air  constituted  only  50.9  per  cent,  of  the  tidal  air  when  he 
was  breathing  twelve  times  per  minute  and  had  a  minute-volume  of 
9.16  liters. 

It  is  obvious  that  if  the  minute-volume  remains  the  same  a  slower 
rate  of  respiration  will  give  a  larger  percentage  of  alveolar  air  in  the 
minute-volume  than  when  the  rate  of  respiration  is  increased. 

On  Dec.  15,  1911,  a  Zuntz  specimen  was  taken  from  me  with  the 
following  results : 

Time  of  collection=12  min. 
Rate  per  minute:=10. 
Minute-vohime^8.16  liters. 

This  specimen  contained:  C02=3.28  per  cent.;   02=17.27  per  cent. 
The  alveolar  air  taken  at  the  same  time  contained:   CO2=5.05  per  cent.;   0,= 
14.9  per  cent. 

Respiratory  quotient=0.85. 

The  alveolar  air,  therefore,  equalled  64.8  per  cent,  of  tlie  tidal  air. 

From  C.  F.  H. — Another  specimen  Dec.  19,  1911. 

Time  of  collection:^ll  min. 

Rate  of  resp.  per  min.=10. 

Minute-volume=8.081  liters. 

This  specimen  contained:  C02=3.78  per  cent.;  02=16.225. 

The  alveolar  air  contained:  C02=4.86  per  cent.;  Oo=:15.24  per  cent. 

Respiratory  quotient=0.75. 

The  alveolar  air  constituted  77.7  per  cent,  of  t]-,e  minute-volume. 

At  a  later  date  the  experiment  was  tried  of  breathing  as  nearly  fifteen 
times  per  minute  as  I  could.  The  alveolar  air  at  this  time,  in  July,  1912, 
a  warm  day,  contained  4.5  per  cent.  COo. 

The  following  are  the  results  from  three  Zuntz  specimens  C.  F.  H. : 

1.  Time  of  collection=12  min.;  minute- volume=8. 13  L. ;  R.  rate=15.1  per 
minute;  C'02=2.7  per  cent.;  Alveolar  air=00  per  cent.;  CO,  per  minute,  222  c.c. 

2.  Time  of  collection=8  min.;  Minvite-volume=9.14  L.;  R.  rate=16  per  min.; 
C02=2.7  per  cent.;  Alveolar  aii-=59.9  per  cent.;   CO2  per  minute  =  246  c.c. 

3.  Time  of  collection=7  min.;  Minute-volume=9.76  L. ;  R.  rate=16.3  per 
min.;  C02=2.4  per  cent.;  Alveolar  aii-=53.3  per  cent.;  CO2  per  min.=234  c.c. 
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From  these  results  it  seems  quite  clear  that  the  dead  space  in  emphy- 
sema must  be  increased.  There  must  be  a  considerable  expansion  of  the 
lung  between  the  alveoli  and  the  large  bronchi,  otherwise  I  can  see  no 
explanation  for  the  fact  that  in  emphysema  the  alveolar  air  (which  in  this 
patient  was  so  rich  in  CO^)  should  constitute  such  a  small  percentage  of 
the  tidal  air  when  the  rate  of  respiration  and  the  minute-volume  are 
normal  or  what  conform  to  comfortable  respiration  and  ventilation  in  a 
normal  person. 

In  the  case  of  Sam  B.  the  alveolar  air  was  rich  in  CO,  and  poor  in 
oxygen.  So  the  question  naturally  arose  as  to  whether  the  cyanosis  was 
due  to  an  excess  of  CO,  or  diminution  in  oxygen. 

It  was  formerly  shown  that  a  great  increase  in  the  partial  pressure  of 
oxygen  did  not  modify  the  cyanosis  nor  the  rate  or  apparent  minute- 
volume.  An  ox3'gen  tank  was  connected  with  a  rubber  bag  which  com- 
municated with  the  Zuntz  apparatus.  In  this  manner  the  patient  was 
enabled  to  breathe  an  atmosphere  of  pure  oxygen.  A  sample  was  taken 
from  the  tank  which  yielded  93  per  cent,  of  oxygen  on  analysis. 

Sam  B.  had  a  respiratory  rate  of  22  per  minute  on  this  day  (April  19, 
1911),  and  maintained  the  same  rate  during  the  time  the  Zuntz  specimen 
was  collected.  The  time  of  collection  was  eight  minutes.  The  minute- 
volume  8.431  liters.  The  sample  contained  2.5  per  cent,  of  CO,.  Another 
specimen  was  collected  during  10  minutes  and  40  seconds.  The  minute- 
volume  was  9.510  liters.  The  respiratory  rate  varied  between  20  and  25 
per  minute.    The  sample  contained : 

002=2.9  per  cent.;  0,=91.2  per  cent. 

In  spite  of  the  fact  his  alveoli  were  constantly  filled  with  oxygen  the 
cyanosis  remained  the  same.  We  then  took  a  Zuntz  specimen  from  Sam 
B.  when  he  was  breathing  atmospheric  air  with  the  following  results : 

Time  of  collection's  min.  ^^ 

Minute-volume:^7.895    liters.  , 

Resp.  rate=:22  per  min.  *  / 

Zuntz  specimen:  COo=:2.21  per  cent.;  00=19.5  per  cent. 
Alveolar  air:  CO2=8.05  per  cent.;   0:..:=12.3  per  cent. 

Sam  B.  was  then  instructed  to  breathe  twelve  times,  as  deeply  and 
rapidly  as  he  could.  At  the  end  of  this  forced  breathing  the  alveolar  air 
contained : 

COo=6.79  per  cent.;  02=15.71  per  cent. 

During  March,  1912,  the  opportunity  was  given  to  prove  the  interpretation 
given  Sam  B.'s  cyanosis  and  emphysema,  in  a  patient  who  entered  the  hospital 
with  pronounced  pulmonary  emphysema,  air  hunger  and  cyanosis.  The  cyanosis 
was  not  nearly  so  intense  as  in  the  case  of  Sam  R,  but  the  lungs  extended  down- 
ward to  the  seventh,  ninth  and  eleventh  ribs,  respectively^  in  the  nipple,  axillary 
and  scapular  lines.  Furthermore,  the  central  tendon  of  the  diaphragm  occupied 
a  low  position  as  evidenced  by  the  downward  displacement  of  the  liver  and  the 
strong  approximation  of  the  hypochondria  toward  the  median  line  during  inspira- 
tion. Although  the  patient  breathed  laboriously,  the  respiratory  rate  was  15  per 
minute  and  the  same   rate  was   maintained   while  breathing  through  the   Zuntz 
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valves.  With  the  first  trial,  breathing  was  more  laborious  than  when  the  appara- 
tus tvas  not  used,  consequently  the  minute-volume  was  large  and  a  large  amount 
of  CO2  was  given  off. 

First  experiment  on  A.  S.  March  29,  1912. 

Time  of  collection=15  min. 

Resp.  rate  per  min.=14. 

]Minute-volume=10.15  liters. 

The  Zuntz  specimen  contained:  COo=2.37  per  cent.;  00=18.1  per  cent. 

Alveolar  air:  CO:=7.2  per  cent.;  0,;=:14.3  per  cent. 

Respiratory  quotient=0.79. 

CO2  per  min.^0.241  liters. 

Alveolar  air=:3.341  liters  or  31.8  per  cent,  of  the  minute-volume. 

After  further  trials  A.  S.  learned  to  breathe  through  the  apparatus  with  less 
effort.  The  following  test  is  a  specimen  taken  when  the  minute-volume  was  less, 
but  the  respiratory  rate  was  the  same,  viz.,  14  per  minute. 

Time  of  collection=:ll  minutes. 

Resp.  rate=14. 

Minute-volume=8.059  liters. 

The  Zuntz  specimen  contained:  C02=2.16  per  cent.;  0..;=18.7  per  cent. 

Alveolar  air:  C02=7.44  per  cent.;  02=12.44  per  cent. 

Total  CO2  per  min.:=0.174  liters. 

Resp.  quotient=:0.9. 

Alveolar  air:=2.339  liters  or  29.7  per  cent,  of  the  minute-volume. 

A  few  days  later  A.  S.  was  much  more  comfortable.  There  was  no  cyanosis, 
but  the  respiratory  rate  remained  the  same  as  when  the  patient  was  cyanotic. 
The  lower  borders  of  the  lungs  were  still  at  the  seventh,  ninth  and  eleventh  ribs 
but  the  central  tendon  of  the  diaphragm  was  evidently  not  so  low.  Although  the 
costal  angle  did  not  widen  during  inspiration  there  was  not  the  strong  approxi- 
mation of  the  hypochondria  as  formerly,  when  cyanosis  was  present  and  the 
bronchial  wheezing  was  more  pronounced. 

Third  specimen  from  A.  S.,  April  1,  1912. 

While  the  Zuntz  specimen  was  collected  the  patient  breathed  easily  at  the 
rate  of  15  per  minute. 

Time  of  collection=;13  minutes. 

Resp.  rate=15  per  min. 

Minute-volume=:6.380  liters. 

Zuntz  specimen  contained:  C02=2.7  per  cent.;  02^=18.4  per  cent. 

Alveolar  air:  C02=5.3  per  cent.;  02=15.5  per  cent. 

Resp.  quotient=1.0  per  cent. 

CO2  in  minute-volume=0.172  liters. 

Alveolar  air=3.250  liters  or  50.9  per  cent,  of  the  minute-volume. 

When  the  third  specimen  was  taken  it  must  be  observed  that  the 
respiratory  rate  was  15  as  compared  with  14  in  the  second  specimen,  and 
although  the  minute-volume  in  the  third  specimen  was  6.380  L.,  as  com- 
pared with  8.059  L.  in  the  second  specimen,  the  lung  ventilation  was 
much  better,  for  the  alveolar  air  constituted  50.9  per  cent,  of  the  minute- 
volume  in  the  third  specimen,  and  only  29.7  per  cent,  in  the  second 
specimen.  Moreover,  at  the  time  the  third  specimen  was  taken  the 
patient  had  no  cyanosis  and  the  alveolar  air  contained  5.3  per  cent,  of 
C0„.  When  the  second  specimen  was  taken,  cyanosis  was  pronounced  and 
the  alveolar  air  contained  7.44  per  cent.  COo.  With  a  lesser  minute- 
volume  and  the  same  respiratory  rate  there  was  much  better  lung 
ventilation. 
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The  corollary  from  the  experiment  is  that  the  resiairatory  rate  and 
minute-volume  (when  studied  apart  from  the  COo  content  of  the  tidal 
and  alveolar  air)  are  no  guides  for  estimating  the  real  ventilation  of  the 
lung  when  bronchiolar  volume  is  a  factor  under  consideration. 

Another  mode  of  reaction  is  exemplified  in  the  following  patient,  Mrs.  L., 
who  entered  Lakeside  Hospital  in  June,  1912.  This  patient  was  a  small,  thin 
Avoman  who  weighed  100  pounds.  For  two  years  she  had  had  dyspnea  and  could 
do  very  little  work  on  account  of  her  respiratory  limitations.  The  heart  was  not 
enlarged,  there  were  no  signs  of  any  cardiovascular  disease,  i.  e.,  disease  of  the 
heart,  or  aortic  or  pulmonary  circulation.  There  were  no  evidences  of  any  medias- 
tinal disease.  The  lungs  were  emphysematous  and  were  situated  at  the  seventh, 
tenth  and  eleventh  ribs,  respectively  in  the  nipple,  axillary  and  scapular  lines. 
During  inspiration  the  lower  end  of  the  sternum  was  retracted  and  the  epigas- 
trium protruded.  The  costal  angle  was  not  enlarged  during  inspiration.  The  cos- 
tal borders  to  the  eighth  ribs  did  not  diverge  during  inspiration,  but  below  the 
eighth  ribs  there  Avas  marked  respiratory  divergence  of  the  costal  borders,  so  the 
base  of  the  thoracic  cage  had  a  marked  increase  in  the  transverse  diameter  during 
inspiration.  INIrs.  L.  was  not  cyanotic  but  she  complained  of  air  hunger  and  had 
a  respiratory  rate  of  26  during  her  stay  of  three  weeks  in  the  hospital.  There 
was  no  pronounced  cyanosis  but  at  times  there  was  a  suggestion  of  cyanosis  in 
the  cheeks,  but  the  fingers,  ears,  or  tongue  never  revealed  any  pronounced 
cyanosis.  This  patient  evidently  retained  her  normal  respiratory  threshold  and 
therefore  breathed  rapidly  to  compensate  for  poor  alveolar  ventilation.  Conse- 
quently in  this  patient  there  were  two  factors  which  contributed  to  lowering  the 
l^ercentage  of  alveolar  air  in  the  minute-volume  of  respired  air,  viz.,  emphysema 
and  a  rapid  respiratory  rate. 

Zuntz  specimens  taken  from  Mrs.  L.  gave  the  following  results: 

Time  of  collection=9  minutes. 

Resp.  rate=25.11  per  minute. 

Minute-volume=7.800  L. 

Sample  of  Zuntz  specimen:  CO;=1.48  per  cent.;  02=19.3  per  cent. 

Alveolar  air:  CO:;:=5.55  per  cent.;  0^:^13.44  per  cent. 

Respiratory  quotient=O.S. 

Alveolar  aii-=26.6  per  cent,  of  minute-volume. 

CO2  per  minute=115  c.c. 

Another  specimen  showed  the  alveolar  air  to  equal  29.4  per  cent,  of  the  minute- 
volume. 

These  three  patients  all  present  some  signs  which  they  have  in  com- 
mon, and  in  other  respects  they  differ  greatly.  All  had  increased  pul- 
monary volume,  and,  indeed,  so  far  as  objective  signs  of  pulmonary 
volume  are  concerned,  they  all  had  their  lungs  in  the  maximum  inspira- 
tory volume.  All  had  the  characteristic  skodaic  resonance  and  all  had 
the  prolonged  expiratory  phase. 

Sam  B,  had  much  more  evidence  of  bronchitis  than  A.  S.  or  Mrs.  L. 
Sam  B.  was  always  cyanotic.  A.  S.  had  cyanosis  only  during  his  first 
week  in  the  hospital.  Mrs.  L.  never  had  pronounced  cyanosis.  Sam  B. 
never  suffered  air  hunger.  A.  S.  had  air  hunger  only  during  the  period 
of  cyanosis,  and  Mrs.  L.  was  never  free  from  air  hunger. 

If  we  compare  the  results  in  Mrs.  L.  with  the  results  in  A.  S.  there 
is  at  first  glance  apparently  a  marked  inconsistency  in  the  results  obtained 
in  the  two  patients. 
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The  second  specimen  from  A.  S.  gave  a  minute-volume  of  8.059  liters. 
His  alveolar  air  contained  7.44  per  cent,  of  CO,. 

Mrs.  L.  showed  in  repeated  tests  a  minute-volume  a  little  less  than 
eight  liters.  Her  alveolar  air  always  contained  between  5.5  per  cent,  and 
6  per  cent,  of  COo.  Her  alveolar  air  ranged  between  26  per  cent,  and  30 
per  cent,  of  the  minute-volume.  But  A.  S.  was  cyanotic  at  the  test 
referred  to,  and  Mrs.  L.  was  never  cyanotic.  There  was  this  difference, 
however — A.  S.  had  a  respiratory  rate  of  only  fifteen  per  minute,  whereas 
Mrs.  L.  had  a  respiratory  rate  which  was  constantly  from  23  to  26  per 
minute.  That  tbe  lung  ventilation  was  better  in  Mrs.  L.  must  be  granted 
because  she  was  not  cyanotic  and  her  alveolar  air  had  a  COo  content  oi 
from  5.5  per  cent,  to  6  per  cent.  The  fact  that  her  alveolar  air  constantly 
■composed  only  26  to  30  per  cent,  of  the  minute-volume  (as  in  A.  S.) 
must  then  be  due  to  the  increased  respiratory  rate. 

I  have  compared  my  own  lung  ventilation  with  the  ventilation  of 
emphysematous  lungs  when  I  employed  the  same  respiratory  rate  and 
minute-volume  which  the  emphysematous  patients  had,  and  found  my 
alveolar  air  under  these  conditions  represented  60  per  cent,  of  the  alveolar 
air  as  against  30  per  cent,  in  tlie  emphysematous  patients.  But  this  com- 
parative test  of  respiratory  rate  and  minute-volume  and  alveolar  air  was 
a  comparison  between  a  healthy  person  and  emphysematous  patients  who 
were  cyanotic.  I  therefore  wished  to  compare  my  lung  ventilation  with 
that  of  an  emphysematous  patient  who  was  not  cyanotic. 

I  then  took  a  Zuntz  specimen  from  myself  when  I  breathed  twenty-five 
times  per  minute  and  endeavored  to  breathe  so  that  the  minute-volume 
would  be  the  same  as  in  Mrs,  L.  This  was  accomplished  by  setting  up  a 
mirror  before  the  dial  of  the  spirometer  so  that  the  excursion  of  the 
indicator  could  be  seen  and  thus,  at  will,  the  amount  of  each  respiratory 
excursion  could  be  made  to  conform  to  tlie  desired  minute-volume.  An 
assistant  beat  time  so  that  the  number  of  respirations  could  be  timed  for 
•exactly  25  respirations  per  minute.  Thus  the  minute-volume  respiration 
•of  Mrs.  L.  was  accurately  imitated  in  my  own  breathing.  While  this 
artificial  respiratory  rate  and  minute-volume  were  maintained  it  was 
■desirable  also  to  know  what  the  CO,  content  of  the  alveolar  air  might  be. 
For  this  purpose  the  mouth-piece  of  the  Zuntz  apparatus  was  fitted  with 
a  lateral  opening  through  which  a  sample  of  alveolar  air  could  be  pro- 
cured at  the  end  of  the  experiment.  It  was  necessary  to  know  the  oxygen 
and  carbonic  acid  content,  not  only  for  estimating  the  proportion  of 
alveolar  air  to  the  minute-volume  of  air,  but  also  to  see  if  the  percentage 
of  carbonic  acid  in  the  alveolar  air  conformed  to  the  sense  of  air  hunger 
which  prevailed  during  the  time  the  Zuntz  specimen  was  being  taken. 
The  alveolar  air  was  taken  on  the  end  of  the  last  expiration  of  the  seven 
minutes  during  which  the  Zuntz  specimen  was  taken. 
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Time  of  collection^!  min. 

Resp.  rate=25  per  min. 

Min.-vol.=7.400  L. 

Resp.  quot=0.C6. 

Per  cent,  of  alv.  air  of  the  min.  vol.=39.7  per  cent. 

Zuntz  specimen:  C02=2.6  per  cent.;  Oo^lT.S  per  cent. 

Alveolar  air:  C'02=6.7  per  cent.;  02=13.2  per  cent. 

Another  trial  was  made  during  which  the  sense  of  air  hunger  was 

not  so  severe  as  during  the  above  test,  but  the  sense  of  air  hunger  was 

pronounced. 

Time  of  collection's  min. 

Resp.  rate=25  per  rain. 

Min.-vol.r=:7.570   L. 

Resp.  quot.=:0.65. 

Per  cent,  of  alv.  air  of  the  min.-vol.=44.9. 

Zuntz  specimen:   CO..,=2.8  per  cent.;  02=17.0  per  cent. 

Alveolar  air:  C02=6.27  per  cent.;  02=13.73  per  cent. 

When  the  results  are  compared  with  those  of  Mrs.  L.  it  will  be  noted 
that  the  alveolar  air  i-epresented  a  larger  portion  of  the  minute-volume 
than  in  the  case  of  Mrs.  L.  and  although  my  sense  of  air  hunger  was 
pronounced,  as  was  also  quite  evident  in  Mrs.  L.,  my  alveolar  air  at  the 
end  of  the  experiment  contained  6.7  per  cent,  and  6.3  per  cent,  of  COo. 
'V^'Tiereas  Mrs.  L.'s  alveolar  air  contained  only  5.5  per  cent.  This  seemed 
too  low  to  be  consistent  with  her  sense  of  air  hunger,  the  degree  of  emphy- 
sema, and  also  the  suggestion  of  cyanosis  in  her  face,  which  amounted  to 
a  slightly  dusky  hue,  although  as  has  been  stated  there  never  was  pro- 
nounced cyanosis  of  the  fingers,  ears  or  tongue.  The  estimates  of  Mrs. 
L.'s  alveolar  air  compared  with  her  minute-volume  of  air  always  proved 
the  lung  ventilation  to  be  poor.  As  has  been  shown,  when  I  employed  the 
same  respiratory  rate  and  minute-volume  as  Mrs.  L.,  my  alveolar  air  rep- 
resented 10  per  cent,  more  of  the  minute-volume  than  was  the  case  with 
Mrs.  L.,  although  the  percentage  of  CO,  in  my  alveolar  air  was  higher 
than  Mrs.  L.  In  spite  of  this  comparison  it  never  seemed  to  me  that  we 
quite  got  the  alveolar  air  of  Mrs.  L.  The  degree  of  emphysema  and  air 
hunger  always  seemed  inconsistent  with  such  a  moderate  elevation  of 
partial  pressure  in  the  COg  of  her  alveolar  air.  From  our  former  experi- 
ences with  emphysema,  too,  it  seemed  reasonable  to  expect  a  better  toler- 
ance of  such  an  elevation  of  CO,  content  of  the  alveolar  air,  in  a  patient 
who  had  emphysema  continuously  for  two  years.  I  mean  by  this  that  the 
sense  of  air  hunger  was  disproportionately  great  for  the  CO,  content  of 
the  alveolar  air  as  estimated  from  a  specimen  of  air  procured  at  the  end 
of  a  strong,  quick,  voluntary  expiration. 

Mrs.  L.  was  a  frail  woman  with  a  thin  thorax  which  could  be  easily 

compressed.    As  we  thought  the  real  alveolar  air  may  be  better  procured 

by  compressing  the  thorax  at  the  same  time  a  voluntary  expiratory  effort 

was  made,  the  following  experiments  were  then  made : 

A  Zuntz  specimen  was  taken  for  11   minutes. 
The  minute-volume  was  7.522  liters. 
Respiratory  rate  2214  per  min. 
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Zimtz  specimen:  C0o=1.9  per  cent.;  0^^=19.0  per  cent. 

The  alveolar  air  was  then  taken  at  the  end  of  a  voluntary  expiration.  The 
first  specimen  contained  5.7  per  cent,  of  CO^.  The  second  specimen  6.1  per  cent, 
of  CO,. 

The  patient  breathed  through  the  tube  used  in  procuring  alveolar  air  and  then 
as  she  was  instructed  to  blow,  her  nose  was  closed  by  one  assistant,  another 
seated  behind  the  patient  forcibly  compressed  the  thorax  as  the  forced  expiration 
was  made,  and  immediately  the  specimen  of  air  was  taken.  This  was  all  done  so 
quickly  that  the  time  factor  could  not  be  responsible  for  a  high  COj  content. 
The  specimen  was  procured  as  promptly  as  at  other  times  when  there  was  no 
compression  of  the  thorax  employed.  The  alveolar  air  procured  in  this  manner 
had  a  CO,  content  of  6.7  per  cent,  which  seemed  quite  consistent  with  the  whole 
clinical  picture. 

The  patient,  A.  S.,  had  a  CO2  content  of  7.4  per  cent,  in  his  alveolar 
air  when  he  was  cyanotic  and  5.3  per  cent,  a  few  days  later  when  he  was 
not  cj^anotic. 

If  the  percentage  of  alveolar  air  is  estimated  on  the  basis  of  G.7  per 
cent.  COo,  then  the  alveolar  air  will  constitute  28.3  per  cent,  of  the 
minute-volume.  If  the  estimate  is  made  on  the  basis  of  6.1  per  cent.,  the 
alveolar  air  constitutes  31.1  per  cent,  of  the  minute-volume. 

This  method  of  compressing  the  thorax  was  employed  in  the  case  of 
Sam  B.,  whose  alveolar  air  at  the  time  contained  8.3  per  cent,  of  CO,,  and 
the  results  obtained  were  the  same  as  when  no  compression  was  employed. 
His  thorax  was  unyielding  and  the  trunk  muscles  were  powerful. 

The  same  results  as  in  Sam  B.  were  obtained  in  two  Jiealthy  well- 
muscled  men.  It  seems  probable  that  in  the  case  of  Mrs.  L.  6.7  per  cent, 
more  nearly  represents  the  CO^  content  of  her  alveolar  air  than  5.3  per 
cent.,  or  6.1  per  cent.,  which  were  the  minimum  and  maximum  per- 
centages obtained  in  a  dozen  analyses,  made  at  different  times. 

This  method  of  estimating  the  lung  ventilation  proved  to  be  of  service  in  study- 
ing the  case  of  a  man  71  years  old  who  gave  a  history  of  air  hunger  which 
existed  two  months  before  entering  Lakeside  Hospital. 

This  patient,  L.  S.,  was  a  powerful  man  with  a  large  and  very  resistant 
thoracic  cage.  The  only  complaint  the  patient  had  was  constant  air  hunger  and 
frequent  attacks  of  hyperpnea  which  Avakened  him  at  night.  There  was  no 
cyanosis  nor  evidences  of  any  cardiovascular  disease.  There  was  marked  retrac- 
tion of  the  costal  borders  and  narrowing  of  the  costal  angle  during  inspiration. 
The  lungs  were  voluminous.  The  finger  nails  were  ridged  and  he  gave  a  very 
clear  historj'  of  gout  which  had  been  diagnosed  by  several  physicians. 

At  the  base  of  the  right  thorax  in  the  axillary  line  there  was  movable  dulness 
which  was  not  pronounced,  but  gave  rise  to  the  suspicion  of  fluid  in  the  right 
pleural  cavity.  Although  the  lungs  were  voluminous  (at  the  ninth  rib  in  the 
axillary  lines),  and  the  respiratory  movements  of  the  hypochondria  betrayed  a 
low  position'  of  the  central  tendon  of  the  diaphragm,  yet  there  were  no  signs  of 
bronchitis. 

The  real  question  in  tliis  case  was  to  account  for  the  low  position  of  the 
central  tendon  of  the  diaphragm.  The  CO..  of  his  aheolar  air  was  first  determined 
from  specimens  procured  at  the  end  of  a  force<l  expiration  and  found  to  be  3.7 
per  cent.,  3.8  per  cent,  and  3.9  per  cent,  in  three  specimens.  Compression  was 
then  employed  at  the  end  of  the  expiration  and  the  CO,,  content  was  3. .5  per  cent., 
3.7  per  cent,  and  4.2  per  cent,  in  three  specimens. 

A  Zuntz  si)ecinien  was  then  taken  for  nine  minutes. 

The  minute-vol.:=7.405  L. 

The  rate  of  rcspiration^l6  per  min. 


C.     F.     HOOVER  65 

The  air  sample:   C0o=1.9  per  cent.;  O«=:19.0  per  cent. 

Alveolar  air  taken  directly  after  the  Zimtz  specimen  was  finished  gave  a  COj 
content  of  3.2  per  cent,  and  3.3  per  cent,  in  two  specimens. 

The  alveolar  air  equalled  58  per  cent,  of  the  minute-volume;  therefore  the 
low  position  of  the  diaphragm  could  not  be  due  to  emphysema  of  bronchial  origin. 

A  skiagram  of  the  thorax  was  then  made  and  a  tumor  in  the  mediastinum 
directly  behind  the  heart  was  clearly  definable  which  displaced  the  central  tendon 
downward.  An  exploratory  needle  was  then  inserted  and  a  thin  layer  of  fluid 
was  located  at  the  base  of  the  right  thorax.  The  fluid  was  not  bloody,  but  con- 
tained a  few  red  cells  and  many  mononuclear  cells.  The  patient  left  the  hospital, 
but  the  skiagram  justified  the  diagnosis  of  a  mediastinal  tumor  which  simulated 
bronchial  emphysema  by  its  displacement  of  the  central  tendon  of  the  diaphragm. 
Had  not  the  estimates  of  the  minute-volume  and  aheolar  air  been  made  we  would 
have  OA'erlooked  the  real  disease  and  regarded  the  whole  difficulty  as  bronchial 
emphysema  with  nocturnal  asthma. 

In  the  cases  of  Sam  B.  and  Mrs.  L.  atropin  and  epinephrin  (adren- 
alin) were  given  subcutaneously  to  see  if  the  percentage  of  CO,  in  their 
alveolar  air  could  be  modified.  One  thirty-fifth  grain  of  atropin  sulphate 
and  20  minims  of  1 :1,000  epinephrin  were  given  in  each  case.  The  COo 
content  of  the  alveolar  air  remained  the  same  in  both  patients  before  and 
after  the  use  of  both  atropin  and  epinephrin. 

CONCLUSIOXS 

The  essential  result  of  these  observations  of  pulmonary  emphysema  is 
the  direct  evidence  that  in  emphysema  the  patient  suffers  from  an 
impaired  alveolar  ventilation  of  the  lung  and  not  from  an  impairment 
of  the  lung  as  the  organ  of  external  respiration.  Furthermore,  the  evi- 
dence seems  very  conclusive  that  the  alveolar  air  constitutes  a  very  dim- 
inished part  of  the  minute-volume  of  air.  So  the  minute-volume  in  any 
given  case  of  emphysema  is  not  a  measure  of  alveolar  ventilation.  This 
diminution  of  the  proportion  of  alveolar  air  must  be  due  to  an  increase 
of  the  dead  space.  How  can  we  account  for  an  increase  of  the  dead  space 
in  pulmonary  emphysema?  Can  the  increase  of  the  dead  space  be 
explained  best  by  bronchiolar  spasm,  bronchiolar  aton}-,  or  swelling  of 
the  bronchial  mucosa?  Bronchiolar  atony,  that  is,  an  elongation  and 
broadening  of  the  bronchioles,  seems  the  most  consistent  with  an  increase 
of  the  dead  space.  Bronchiolar  spasm  or  swelling  of  the  bronchial  mucosa 
could  give  an  increase  of  the  dead  space  only  b}'  an  inspiratory  enlarge- 
ment of  that  portion  of  the  air  passage  which  lies  between  the  alveoli 
and  the  larynx.* 

I  hope  in  the  near  future  to  present  the  evidence  from  some  completed 
animal  experiments  which  will  throw  light  on  this  question. 

In  conclusion  I  wish  to  thank  Dr.  Chauncy  Wycoff,  former  resident  of  Lake- 
side Hospital,  and  Dr.  L.  H.  Taylor,  resident  physician  at  Lakeside  Hospital,  for 
their  valuable  assistance  in  this  work. 

700  Rose  Building. 


4.  Douglas  and  Haldane  suggest  the  neuromuscular  activity  of  the  bron- 
chiolar system  as  a  source  for  enlarging  and  diminishing  the  dead  space  under 
physiological  conditions.     .Jour.  Physiol.,  Oct.  22,   1912,  Xo.  4. 


A  EUETHEE  STUDY  OF  THE  VENTILATION  OF  SLEEPING 
CARS    (THE    STEEL   CAE)* 

THOMAS  R.  CROWDER,  M.D. 

CHICAGO 

Two  years  ago  I  presented  before  the  American  Public  Health  Asso- 
ciation the  results  of  a  study  of  the  ventilation  of  sleeping  cars.^  An 
attempt  was  made  to  determine  the  amount  of  fresh  air  which  enters  the 
running  car  under  various  conditions  of  operation,  the  places  of  entrance 
of  the  air,  its  distribution,  and  the  general  direction  of  its  currents.  Two 
plans  of  ventilating  were  considered  in  that  stud}^,  which  were  called 
^'natural  ventilation'^  and  "ventilation  by  exhaustion," 

The  essential  architectural  features  of  the  standard  American  railway 
car  are,  as  they  concern  the  question  under  discussion,  that  it  contains 
one  long  room  with  end  doors  opening  to  vestibules,  and  side  windows, 
and  was  originally  intended  to  receive  its  air  supply  through  a  row  of 
small  Avindows  set  in  near  the  roof  line  on  either  side  and  called  deck- 
sashes.  Part  of  the  cars  investigated  in  the  study  referred  to  were 
ventilated  in  this  way,  as  are  still  the  vast  majority  of  the  railway  cars 
in  this  country.  Since  natural  forces  alone  are  depended  on  to  induce 
air  interchange,  this  plan  was  referred  to  as  "natural  ventilation." 

To  the  majority  of  the  cars  investigated  there  had  been  applied  a 
device^  intended  to  remove  air  through  certain  of  these  upper  windows, 
or  deck-sashes,  by  a  suction  effect  dependent  on  train  motion,  all  other 
deck-sashes  remaining  closed.  This  plan  was  called  "ventilation  by 
exhaustion."  It  would  tend  to  reverse  the  fresh  air  currents  from  a 
downward  to  an  upward  direction;  instead  of  air  being  admitted  at  the 
top  by  natural  forces  through  openings  provided  for  that  purpose  and 
allowed  to  find  its  own  way  out,  it  would  be  removed  at  the  top  by  arti- 
ficial devices  and  left  to  find  its  own  way  in.  That  the  exhaust  apparatus 
actually  did  what  it  was  intended  to  do  was  easily  determined  by  means 
of  the  anemometer.  It  was  found  that  each  of  these  exhaust  ventilators 
would  remove  about  15,000  cubic  feet  of  air  each  hour  at  a  forty-mile 


•Presented  at  the  XV  International   Congress  on   Hygiene  and   Demography, 
Washington,  D.  C,  September,  1912. 

*Manuscript  submitted  for  publication  Oct.  29,  1912. 

1.  Crowder:  A  Study  of  the  Ventilation  of  Sleeping  Cars,  The  Archives  Ixt. 
Med.,  1911,  vii,  85. 

2.  The  Garland  Ventilator.     This  is  described  in  the  Railway  Age,  1900,  \li. 
847,  and  in  the  Railway  Age-Gazette,  1910,  1,  1757. 
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train  speed.  Six  to  eight  of  them  were  applied  to  each  ear.  The  problem 
then  was  to  determine  the  mamier  of  entrance  of  the  air,  the  general 
course  of  its  currents,  and  the  efficiency  of  the  device  in  maintaining  a 
fresh  air  supply  to  the  breathing  zone  for  the  passengers  and  to  the 
occupied  berth,  and  to  compare  the  results  obtained  by  the  two  methods 
of  ventilation.  This  was  done  by  determining  the  respiratory  contamina- 
tion of  the  air  of  the  car  as  represented  by  the  proportion  of  carbon  dioxid 
in  the  air.  It  is  well  known  that  from  such  determinations  air  supplies 
can  be  computed^  with  considerable  accuracy. 

The  results  of  a  large  number  of  observations  showed  that  by  tlie 
application  of  this  exhaust  device  the  active  ventilation  of  the  body  and 


3.  The  problem   is   simple.     The  air   supply   is  inversely  as  the   respiratory 
contamination.     It  may  be  computed  from  the  following  equation: 

vp 
A= 


a;  — .¥ 


where      v  ^  the  CO2  produced  by  one  person   ( cu.  ft.  per  hour ) , 
p  ^  the  number  of  people  in  the  car, 
X  =  the  proportion  of  CO.,  found  in  the  air  of  the  car, 
li  =  the  proportion  of  CO,  in  the  outside  air, 

and  A  =  the  air  supply  to  the  car  (cu.  ft.  per  hour). 

It  is  seen  that  vp  is  the  CO2  produced  by  the  occupants  and  x — '^  is  the  respiratory 
contamination.  We  may  substitute  known  values  for  the  letters  v  and  'N  in  the 
above  equation.  The  amount  of  CO,  produced  by  one  person  will  average  very 
close  to  0.6  cu.  ft.  per  hour,  and  the  average  proportion  of  CO,  in  the  air  surround- 
ing trains  has  been  found  to  be  very  close  to  0.0004,  or  4  parts  in  10,000. 
Making  the  substitution  the  equation  becomes: 

0.6  p 

A= 

a;  — 0.0004 

Completing  the  computation  of  air  supply  for  various  assumed  proportions  of  CO, 
the  results  would  be,  when  the  space  is  occupied  by  one  person  only,  i.  e.,  when  p 
is  the  unit  1,  as  follows: 

C02  =  0.0020  (resp.  contam.  =  0.0016),  hourly  air  supply  =     375  cu.  ft. 

002  =  0.0016  (resp.  contam.  =  0.0012) ,  hourly  air  supply  =     500  cu.  ft. 

C02  =  0.0012  (resp.  contam.  =:0.00O8),  hourly  air  supply  =     750  cu.  ft. 

CO,  =  0.0010  (resp.  contam.  =  0.0006),  hourly  air  supply  =  1,000  cu.  ft. 

C02  =  0.0009  (resp.  contam.  =  0.0005) ,  hourly  air  supply  =  1,200  cu.  ft. 

C02  =  0.0008  (resp.  contam.  =:  0.0004),  hourly  air  supply  ^1,500  cu.  ft. 

C02  =  0.0007  (resp.  contam.  =  0.00O3 ) ,  hourly  air  supply  =  2,000  cu.  ft. 

CO2  =  0.0006  (resp.  contam.  =  0.0002) ,  hourly  air  supply  =  3,000  cu.  ft. 

CO,  =  0.0005  (resp.  contam.  =  0.0001),  hourly  air  supply  =  6,000  cu.  ft. 

These  same  figures  apply  to  a  room  with  any  number  of  occupants  provided  we 
add  "per  person"  after  "hourly  air  supply."  In  order  for  the  air  to  maintain  a 
constant  respiratory  contamination  the  volume  supplied  must  be  multiplied  as 
often  as  we  multiply  the  occupants — the  air-supply  must  maintain  a  constant 
ratio  to  the  CO,  produced.  Each  person  wall  contaminate  1,000  cu.  ft.  of  air  per 
hour  to  the  extent  of  6  parts  of  CO,  in  10,000  of  air  (and  the  total  CO,  will  be  10 
parts  in  10,000).  One  person  will  need  simply  the  1,000  cu.  ft.  per  hour  if  the 
contamination  is  to  be  held  at  this  level;  fifty  will  need  1,000  cu.  ft.  each,  or  50,000 
cu.  ft.  The  estimation  of  air  supply  to  a  car  must  be  based  on  the  total  amount 
of  CO,  produced  by  all  of  its  occupants. 
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berths  of  a  sleeping  car  is  considerably  increased  over  and  above  wliat 
may  be  expected  from  the  natural  forces  of  the  wind  through  the  open 
deck-sashes,  and  that  the  flow  of  fresh  air  into  the  car  is  more  regular 
and  better  distributed.  The  many  crevices  about  doors  and  windows 
act  as  intakes  and  the  trend  of  the  currents  is  of  course  upward.  The 
respiratory  contamination  of  the  air  of  the  breathing  zone  and  of  the 
occupied  berth  remains  almost  constantly  low.  Carbon  dioxid  reaches 
a  proportion  of  ten  parts  in  10,000  of  air  with  relative  rarity;  and  the 
computed  fresh  air  supply  averages  about  2,000  cubic  feet  per  hour  for 
each  berth  and  about  40,000  cubic  feet  per  hour  for  the  car. 

With  the  adoption  of  this  exhaust  system  of  ventilation  as  a  standard 
of  construction  the  deck-sashes  cease  to  perform  any  important  function. 
Indeed,  they  may  become  a  direct  hindrance  to  the  most  efficient  opera- 
tion of  the  device.  They  are  of  necessity,  from  their  location  and  the 
method  of  their  operation,  loose  fitting  windows  which  furnish  large 
crevices  for  air  leakage.  Since  these  crevices  are  located  very  near  the 
outlets  of  the  exhaust  ventilators,  the  air  entering  through  them  is  liable 
to  be  drawn  directly  out  again  and  to  play  no  part  in  effecting  air 
renewal  of  the  breathing  zone.  Furthermore, .  it  tends  to  prevent  air 
being  drawn  upward  from  the  window  crevices  located  below  and  the 
effective  I'enewal  of  the  air  of  the  lower  levels.  That  such  short-circuiting 
does  take  place  was  shown  in  the  stud)'  referred  to :  whereas  by  actual 
measure,  some  80,000  cubic  feet  of  air  leaves  the  car  each  hour  through 
the  exhaust  ventilator  openings,  there  is  onlj'^  about  40,000,  as  computed 
from  CO,  determinations,  supplied  to  the  breathing  zone.  The  difference 
between  the  aeration  of  the  breathing  zone  and  the  total  air  supply  is 
not  so  great,  however,  as  these  figures  would  seem  to  indicate,  since  it  is 
well  known  that  CO2  determinations  generally  give  an  air  supply  which 
is  under  rather  tlian  over  the  actual.  Furthermore,  the  estimate  of  total 
air  outflow  is  here  based  on  a  constant  forty-mile  speed,  whereas  the 
estimates  from  COo  include  all  rates  of  running  as  well  as  short  stops. 

The  study  from  which  the  foregoing  is  drawn  was  made  on  the 
standard  Pullman  sleeping  car  of  wooden  construction.  The  exhaust 
ventilator  considered  was  applied  to  cars  which  had  been  previously  in 
service  and  had  been  originally  ventilated  by  the  natural  or  deck-sash 
method.  Since  the  completion  of  that  study  the  all-steel  sleeping  car  has 
come  into  extensive  use.  These  cars  are  all  equipped  with  exhaust 
ventilators  in  the  building;  and  for  the  reasons  stated  above  the  deck- 
sashes  are  omitted,  or,  if  not  entirely  omitted,  they  are  reduced  from 
twenty-four  to  foui-,  and  these  four  are  very  small.  Only  electricity  is 
used  for  lighting;  this  avoids  the  necessity  of  making  openings  through 
the  roof  to  carrj'  away  the  combustion  gases  of  burning  lights.  The 
upper  portion  of  the  car  is  almost  entirely  free  from  natural  openings. 
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It  is  therefore  readily  seen  that  whatever  air  enters  these  cars  must  come 
from  crevices  about  windows  and  doors  located  low  down.  From  this  it 
would  naturally  follow  that  the  lower  levels  of  the  car  receive  a  larger 
air  supply  than  with  the  older  type  of  construction.  It  is  not  considered 
a  matter  of  great  hygienic  importance  whether  they  do  or  do  not;  no 
increase  in  the  air  supply  is  demanded  on  hygienic  grounds ;  but  in  order 
to  have  some  adequate  information  as  to  what  actually  does  take  place 
and  to  be  able  to  make  accurate  comparisons,  a  series  of  thirty-six  steel 
cars  were  investigated  during  the  first  two  months  of  1912. 

The  methods  used  in  the  investigation  of  these  cars  are  the  same  as 
those  previously  employed.  They  are  fully  outlined  in  the  original 
paper,^  to  which  those  interested  are  referred.  Samples  of  the  air  to  be 
examined  were  collected  in  glass-stoppered  bottles,  sealed,  and  were 
analyzed  in  the  Petterson-Palmquist  apparatus  for  the  determination  of 
carbon  dioxid.  Air  was  collected  from  the  center  aisle,  in  order  to 
determine  the  respiratory  contamination  of  the  general  air  of  the  car, 
and  from  lower  and  upper  berths  in  order  to  determine  the  respiratory 
contamination  of  the  air  within  them.  From  these  contaminations  air 
supplies  have  been  computed  as  has  been  previously  explained.^ 

All  the  observations  in  the  cars  included  in  the  present  series  were 
made  during  the  night,  after  the  passengers  had  retired.  The  time 
ranged  from  11 :00  p.  m.  to  early  morning.  The  outside  temperature 
varied  from  0  F.  to  36  F. ;  it  was  generally  as  low  as  20  F.  Samples 
were  taken  as  nearly  simultaneously  as  possible  in  the  aisle  and  in  from 
three  to  six  berths;  samples  from  the  same  places  were  repeated  at 
approximately  fifteen  minute  intervals  for  one  or  two  hours.  This  was 
done  in  order  to  obtain  general  averages,  which  are  more  important  and 
give  much  more  dependable  information  of  the  condition  of  the  air  than 
single  observations  or  short  series.  From  the  latter  erroneous  conclusions 
are  very  likely  to  be  drawn.  It  must  be  recognized  that  in  any  running 
car  the  conditions  are  liable  to  rapid  and  relatively  great  variation. 
Minimum  actual  rates  of  air  supply,  hence  degrees  of  respiratory  con- 
tamination, alternate  with  maximum  actual  rates;  and  these  minimums 
and  maximums  may  lie  a  considerable  distance  apart.  They  represent 
temporary  and  local,  not  continuous  and  general,  conditions.  General 
averages  are  much  more  significant. 

GENERAL  RESULTS 

In  Table  1  are  assembled  the  more  important  items  concerning  the 
general  air  of  the  cars  examined.  The  air  tests  recorded  in  this  table 
refer  only  to  the  samples  collected  from  the  car  bod}',  and  not  to  those 
collected  from  the  berths.     The  air  supply  as  computed  is  expressed  to 
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the  nearest  thousand  in  terms  of  cubic  feet  per  car  per  hour.  It  is  that 
volume  which  would  keep  the  COo  at  the  average  proportion  found  in 
the  air  of  the  car  if  the  number  of  occupants  did  not  change. 

Table  1. — Determinations  of  the  Ventilation  of  Steel  Sleeping  Cabs 
Equipped  with  Exhaust  Ventilatobs 


Name  of  Car 


Temp.  F. 


Out 


In 


No.  of 
People 
in  Car 


CO,  per  10,000  of  Air 


No.  of 
Tests 


Aver- 
age 


Extremes 


Min.     Max. 


Approx. 
Hourly 

Air 
Supply 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


Cresheim  .  . 
Millard*  .  . 
Brightwood* 
Thurston  .  . 
Sparkst  •  •  • 
Cresheim*  . 
Parkerton* 
Bridgeport* 
Millardl  .  . 
Lemayt  . . . 
Amsden  .... 
Walworth 
Thurston  .  . 
Moorfield  .  . 
Bogero  .... 
Somena     .  .  . 

Wawa    

Nepperhan  . 
Monteith  .  . 
Ship  Road  . 
Hyndman  .  . 
Thurston§  . 
Eoseton§     .  . 

Colfax   

Dorranci^  .  . 
Onchiota  .  . 
Canfield  .  .  . 
Carrothers   . 

Wawa    

Elkland     .  .  . 
Onchiota     .  . 
Middletown 
Josslyn     .  .  . 

Halleck 

Millard  . .  . 
Henefer    . .  . 

36  ears  .  .  . 


12 

52 

16 

36 

60 

15 

10 

56 

15 

30 

56 

28 

34 

60 

18 

20 

58 

19 

24 

61 

10 

24 

60 

10 

26 

59 

14 

26 

60 

15 

30 

60 

18 

30 

63 

17 

24 

54 

19 

24 

60 

18 

20 

58 

12 

20 

58 

16 

30 

62 

18 

I  24 

63 

18 

1  24 

58 

16 

6 

60 

12 

6 

60 

8 

6 

58 

26 

6 

60 

22 

16 

60 

16 

16 

60 

17 

24 

60 

15 

24 

60 

21 

0 

58 

15 

0 

58 

14 

8 

56 

20 

8 

56 

15 

8 

68 

12 

20 

62 

15 

20 

62 

12 

12 

58 

12 

12 

60 

10 

10 

11 

9 


5.50 
5.25 
6.00 
6.79 
5.45 
5.82 
5.28 
5.56 
4.77 
4.72 
6.00 
5.71 
6.57 
5.93 
5.21 
5.50 
6.39 
5.79 
6.36 
5.14 
4.79 
7.21 
8.13 
5.92 
5.40 
5.20 
7.10 
5.83 
6.66 
6.30 
6.25 
5.33 
5.30 
5.08 
5.07 
4.93 


4.5 
4.5 
5.0 
6.0 
4.5 
5.0 
4.5 
4.5 
4.5 
4.5 
5.0 
5.0 
6.0 
5.5 
4.5 
5.0 
5.5 
5.0 
5.5 
4.5 
4.5 
6.0 
7.5 
5.0 
5.0 
4.5 
6.0 
5.0 
5.5 
5.5 
5.5 
5.0 
5.0 
4.5 
5.0 
4.5 


6.0 
6.5 
7.0 
8.5 
7.0 
7.5 
6.0 
6.5 
5.5 
5.0 
8.0 
8.0 
7.0 
6.5 
5.5 
6.0 
9.5 
7.0 
7.0 
6.0 
5.5 
9.5 
8.5 
8.0 
5.5 
6.0 
8.0 
6.5 
8.0 
7.5 
7.0 
5.5 
5.5 
6.0 
5.5 
6.0 


64,000 
72,000 
45,000 
60,000 
74,000 
70,000 
47,000 
38,000 
109,000 
125,000 
54,000 
59,000 
44,000 
50.000 
59.000 
64,000 
45,000 
60,000 
41,000 
63,000 
57.000 
49,000 
32.000 
50,000 
72,000 
75.000 
41,000 
49.000 
33.000 
52.000 
40,000 
54.000 
69.000 
67,000 
74,000 
65,000 


16.2   246 


5.78 


4.5 


9.5 


54,600 


*Drop-sashes  of  end  doors  open  3  inches  (see  note  4). 
fDrop-sash  of  rear  door  open  12  inches  (see  note  4). 
JDrop-sashes  of  end  doors  open  24  inches   (see  note  4). 
§Train  running  directly  with  a  strong  wind. 
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The  observations  from  which  Table  1  is  compiled  may  be  summarized 

as  follows : 

Cars  examined 36 

Average  number  of  occupants 16.2 

Number  of  air  samples  analyzed 246 

Average  number  of  samples  per  car 6.86 

Average  carbon  dioxid  5.78 :  10,000 

Highest  average  CO,  in  any  car 8.13 :  10,000 

Lowest  average  CO,  in  any  car 4.72 :  10,000 

Highest  CO,  in  any' sample   9.5    :  10,000 

Lowest  CO2  in  any  sample 4.5    :  10,000 

Number  samples  showing  CO,  over     10 :  10,000 0  (   0.00% ) 

Number  samples  showing  COj  over       8 :  10,000 5  (   2.03% ) 

Number  samples  showing  CO,  over       7:10,000 20  (    8.13%) 

Number  samples  showing  CO,  over       6 :  10,000 56  ( 22.76% ) 

Number  samples  showing  COj  6  or  less :  10,000 190  ( 77.24% ) 

Average  hourly  air  supply  per  car,  cu.  ft 54,600 

Highest  hourly  air  supply  for  any  car,  cu.  ft 125,000 

Highest  excepting  Nos.  9  and  lO,'*  cu.  ft 75,000 

Average  excepting  Nos.  9  and  10,*  cu.  ft 53,000 

Lowest  hourly  air  supply  for  any  car,  cu.  ft 32,000 

Number  of  cars  showing  less  than  40,000  cu.  ft.  per  hour,  3 (8.33%) 

The  average  air  supply  to  the  breathing  zone  of  the  steel  sleeping  car, 
as  computed  from  the  average  proportion  of  CO2  and  the  average  number 
of  occupants  in  the  thirty-six  cars  examined,  is  found  to  be  approximately 
54,600  cubic  feet  per  hour,  as  above  stated ;  or,  in  those  cars  kept  entirely 
closed,  even  to  drop-sashes  in  the  end  doors,*  53,000  cubic  feet  per  hour. 


4.  The  end  dpors  of  the  car  are  fitted  with  small  sliding  windows,  which  may 
be  lowered  from  the  top  and  held  at  any  level  by  a  catch.  These  windows  are 
commonly  referred  to  as  "drop-sashes."  In  regular  service  it  is  customary  to 
maintain  a  variable  opening  of  these  windows  in  order  to  facilitate  the  entrance 
of  fresh  air  from  the  vestibule.  During  the  first  ten  experiments  they  were  let 
alone  as  found;  in  all  later  experiments  they  were  purposely  kept  closed  while 
observations  were  being  made. 

An  examination  of  Table  1  will  show  that  only  twice,  namely,  in  Experiments  9 
and  10,  was  the  air  supply  markedly  affected  by  these  open  drop-sashes,  and  in 
these  cars  the  sashes  were  opened  widely.  These  two  cars  were  on  the  same  train 
and  air  samples  from  the  two  were  collected  at  approximately  the  same  time. 
The  air  supply  in  these  two  instances  is  so  greatly  increased  as  to  show  a  consid- 
erably higher  average  air  supply  and  lower  CO,  for  the  small  group  of  eight  cars 
which  had  some  opening  of  the  drop-sashes,  than  for  the  others  in  which  there  was 
no  opening  at  all.  The  averages  for  the  eight  cars  are:  CO,,  5.34;  occupants,  14.7; 
equivalent  air  supply,  65,900  cu.  ft.  per  hour.  The  averages  for  all  other  cars, 
which  had  no  openings  in  the  end  doors,  are:  CO,,  5.90;  occupants,  16.8;  equiva- 
lent air  supply,  53,000  cu.  ft.  per  hour.  Leaving  out  of  consideration  only  Nos.  9 
and  10  the  other  thirty-four  cars  show  the  following  averages:  CO,  5.85;  occupants 
16.3:  air  supply  53,000  cu.  ft.  per  hour.  It  is  seen  that  the  final  results  are 
affected  only  slightly  by  including  in  the  general  averages  the  findings  in  these 
two  cars. 

The  general  averages  as  above  noted  and  as  used  throughout  are  found  by 
adding  together  all  single  observations  and  dividing  by  the  total  number,  and  not 
by  adding  the  car  averages.  The  two  methods  will  often  give  slightly  different 
results,  but  the  difference  has  never  been  found  great  enough  to  make  material 
changes. 


Table  2. — Determinations  of  the  Ventilation  of  the  Lower  Berths  of  Steel  Sleeping  Cars 

Equipped  with  Exhaust  Ventilators 
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Cresheim 

12 

52 

16 

5.50 

4.5 

6.0 

4 

24 

5.73 

4.5 

7.0 

0 

0 

3470 

2 

Millard*    .... 

36 

60 

15 

5.25 

4.5 

6.5 

4 

32 

6.64 

4.5 

10.0 

0 

0 

2270 

3 

Brightwood* 

10 

56 

15 

6.00 

5.0 

7.0 

4 

28 

6.66 

5.0 

9.0 

0 

0 

2250 

4 

Thurston     .  .  . 

30 

56 

28 

6.79 

6.0 

8.5 

3 

21 

7.12 

5.5 

10.5 

0 

1 

1920 

5 

Sparksf  

34 

60 

18 

5.45 

4.5 

7.0 

3 

30 

6.18 

4.5 

9.5 

0 

0 

2750 

6 

Cresheim*  .  . . 

20 

58 

19 

5.82 

5.0 

7.5 

4 

44 

6.69 

5.0 

9.5 

0 

0 

2230 

7 

Parkerton*  . . 

24 

61 

10 

5.28 

4.5 

6.0 

3 

27 

6.07 

4.5 

8.0 

0 

0 

2900 

8 

Bridgeport'-   .. 

24 

60 

10 

5.56 

4.5 

6.5 

3 

22 

7.05 

5.0 

9.0 

0 

0 

1970 

9 

Millardl    .... 

26 

59 

14 

4.77 

4.5 

5.5 

3 

27 

6.06 

5.0 

10.0 

0 

0 

2910 

10 

Lemayt   

26 

60 

15 

4.72 

4.5 

5.5 

2 

18 

6.06 

5.0 

7.5 

0 

0 

2910 

11 

Amsden   

30 

60 

18 

6.00 

5.0 

8.0 

2 

14 

7.36 

5.0 

14.0 

1 

1 

1790 

12 

Walworth   .  .  . 

30 

63 

17 

5.71 

5.0 

8.0 

3 

21 

7.64 

4.5 

14.0 

1 

4 

1650 

13 

Thurston  .... 

24 

54 

19 

6.57 

6.0 

7.0 

3 

21 

9.02 

7.5 

10.5 

0 

1 

1200 

14 

Moor  field  .... 

24 

60 

18 

5.93 

5.5 

6.5 

3 

21 

6.62 

6.0 

9.0 

0 

0 

2290 

15 

Bogero 

20 

58 

12 

5.21 

4.5 

5.5 

4 

28 

6.41 

5.0 

8.0 

0 

0 

2470 

16 

Somena   

20 

58 

16 

5.50 

5.0 

6.0 

2 

14 

6.64 

5.5 

8.0 

0 

0 

2270 

17 

Wawa 

30 

62 

18 

6.39 

5.5 

9.5 

3 

27 

7.55 

5.0 

11.5 

0 

2 

1690 

18 

Nepperlian  . .  . 

24 

63 

18 

5.79 

5.0 

7.0 

3 

21 

6.09 

5.0 

7.5 

0 

0 

2870 

19 

Monteith   .... 

24 

58 

16 

6.36 

5.5 

7.0 

4 

28 

7.52 

5.5 

11.0 

0 

2 

1700 

20 

Ship  Koad  ..  . 

6 

60 

12 

5.14 

4.5 

6.0 

4 

28 

6.33 

4.5 

8.5 

0 

0 

2570 

21 

Hyndman    .  .  . 

6 

60 

8 

4.79 

4.5 

5.5 

4 

28 

6.36 

4.5 

11.5 

0 

1 

2540 

22 

Thurston  §  .  .  . 

6 

58 

26 

7.21 

6.0 

9.5 

4 

28 

9.25 

7.0 

12.5 

1 

5 

1140 

23 

Roseton§  .... 

6 

60 

22 

8.13 

7.5 

8.5 

4 

16 

9.22 

7.5 

10.5 

0 

1 

1150 

24 

Colfax   

16 

60 

16 

5.92 

5.0 

8.0 

4 

24 

7^01 

5.5 

10.0 

0 

0 

1990 

25 

Dorrance  .... 

16 

60 

17 

5.40 

5.0 

5.5 

4 

20 

5.85 

5.5 

6.5 

0 

0 

3240 

26 

Onchiota    .... 

24 

60 

15 

5.20 

4.5 

6.0 

4 

20 

5.55 

4.5 

6.5 

0 

0 

3870 

27 

Canfield     .... 

24 

60 

21 

7.10 

6.0 

8.0 

4 

20 

7.81 

5.0 

9.5 

0 

0 

1570 

28 

Carrothers  . .  . 

0 

58 

15 

5.83 

5.0 

6.5 

4 

24 

6.31 

5.0 

9.0 

0 

0 

2600 

29 

Wawa 

0 

58 

14 

6.66 

5.5 

8.0 

4 

24 

6.93 

5.0 

9.0 

0 

0 

2050 

30 

Elkland 

S 

56 

20 

6.30 

5.5 

7.5 

4 

20 

7.01 

5.0 

9.0 

0 

0 

1990 

31 

Onchiota    .... 

8 

56 

15 

6.25 

5.5 

7.0 

4 

24 

6.89 

5.5 

8.0 

0 

0 

2080 

32 

Middletown  . . 

8 

68 

12 

5.33 

5.0 

5.5 

4 

12 

6.50 

5.5 

7.5 

0 

0 

2400 

33 

Josslyn    

20 

62 

15 

5.30 

5.0 

5.5 

4 

20 

5.91 

5.0 

6.5 

0 

0 

3140 

34 

Hal  leek    

20 

62 

12 

5.08 

4.5 

6.0 

4 

24 

6.85 

5.0 

10.0 

0 

0 

2110 

35 

Millard    

12 

58 

12 

5.07 

5.0 

5.5 

4 

28 

6.21 

5.0 

7.5 

0 

0 

2720 

36 

Henefer   

12 

60 

10 

4.93 

4.5 

6.0 

4 

28 

5.91 

5.0 

8.5 

0 

0 

3140 

1                                1 
1  36  cars  

1 

16.2 

5.78 

4.5 

9.5 

128 

850 

6.70 

4.5 

14.0 

3 

18 

2170 

*Drop-sashes  of  end  doors  open  3  inches  (see  Note  4). 
fDrop-sash  of  rear  door  open  12  inches  (see  Note  4). 
JDrop-sashes  of  end  doors  open  24  inches  (see  Note  4), 
§Train  running  directly  with  a  strong  wind. 
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This  compares  with  40,600  cubic  feet  per  hour  for  the  older  type  of  car, 
equipped  vrith  the  same  ventilating  device,  but  maintaining  the  deck-sash 
construction,  and  with  28,300  cubic  feet  per  hour  for  cars  having  the 
ordinary  deck-sash  ventilation.  The  results  in  the  steel  car  are  also  more 
uniform  and  more  regular,  as  will  be  found  by  consulting  the  detailed 
results  of  the  first  group  of  experiments.^  The  complete  comparative 
averages  may  be  grouped  as  folloM's : 

A.    Wood  Cars    (vAth  Deck-Sash  Construction) 

1.  l\atiiral  ventilation  (  deck-sash  method) 

a.  Fully  closed  car 18.500  cu.  ft.  per  hour 

b.  With  open  deck-sashes   28.300  cu.  ft.  per  hour 

c.  ^Yith  open  deck-sashes  and  open  end  doors 40,700  cu.  ft.  per  hour 

2.  Exhaust  ventilation    (the  exhaust  method) 

a.  Fully  closed  car    40,600  cu.  ft.  per  hour 

b.  With  open  doors   57,900  eu.  ft.  per  hour 

B.    Steel  Cars   {Constructed  ^Yithout  Dcck-Sashes) 
Exhaust  ventilation 

a.  Fully   closed    car 53,000  cu.  ft.  per  hour 

b.  With  open  drop-sashes  in  end  doors* 65,900  cu.  ft.  per  hour 

Any  or  all  of  these  figures  might  be  changed  by  longer  series  of 
observations.  For  most  of  the  groups  it  is  believed  a  sufficient  number 
have  been  made  to  insure  the  relative  correctness  of  the  results  obtained. 

THE  LOWER  BERTH 

In  Table  2  are  assembled  the  observations  in  lower  berths  and  com- 
parisons with  the  air  of  the  aisle  taken  at  the  same  time.  It  will  be  noted 
that  the  experiments  recorded  in  this  table  are  the  same  as  those  pre- 
sented in  Table  1,  and  that  they  cover  all  the  cars  investigated.  The  air 
supply  per  berth,  as  computed,  is  the  number  of  cubic  feet  which  must 
be  supplied  to  one  person  each  hour  in  order  to  maintain  the  COo  at  the 
average  proportion  found.  The  berths  included  in  this  list  were  each 
occupied  by  one  adult. 

The  observations  from  which  Table  2  is  compiled  may  be  summarized 
as  follows : 

Cars  in  which  lower  berths  were  examined 36 

Number  of  lower  berths  examined 128 

Average  number  of  lower  berths  per  car 3.56 

Total  number  of  air  samples  from  lower  berths 856 

Average  number  of  lower  berth  samples  per  car 23.78 

Average  number  of  samples  per  berth 6.53 

Average  CO,  in  air  of  car  body 5.78 :  10,000 

Average  COj  in  air  of  lower  berths 6.76 :  10,000 

Highest  average  CO,  in  lower  berths  of  any  car 9.25:10,000 

Lowest  average  CO,  in  lower  berths  of  any  car 5.55  :  10,000 

Highest  CO2  in  any  lower  berth  sample 14       :  10,000 

Lowest  CO2  in  any  lower  berth  sample 4.5   :  10,000 
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Number  L.  B.  samples  showing  CO,  over      12: 10,000 3  {   0.35%) 

Number  L.  B.  samples  showing  CO^  over      10:10,000 18  (   2.10%) 

Number  L.  B.  samples  showing  COo  over        8:10,000 137  (16.00%) 

Number  L,  B.  samples  showing  CO2  over        7:10,000 238  (27.80%) 

Number  L.  B.  samples  showing  CO^  over        6:10,000 476  (55.61%) 

Number  L.  B.  samples  showing  CO,  6  or  less:10,00C' 380  (44.39%) 

Number  L.  B.  with  higher  CO^  than  aisle  at  same  time 658    (76.87%) 

Number  L.  B.  with  lower  CO,  than  aisle  at  same  time 68    (    7.95%) 

Number  L.  B.  with  CO2  equal  to  aisle  at  same  time 130    (15.19%) 

Average  hourly  air  supply  per  lower  berth,  eu.  ft 2170 

Highest  average  hourly  air  supply  to  L.  B.  of  any  car,  cu.  ft 3870 

Lowest  average  hourly  air  supply  to  L.  B.  of  any  car,  cu.  ft 1140 

Number  cars   showing  average  of  less  than   1500   cu.   ft.  per  L.   B.   per 

hour,  3" .' (8.33%) 

On  the  basis  of  856  carbon  dioxid  determinations  in  the  air  of  126 
lower  berths  in  thirty-six  steel  sleeping  cars  equipped  with  exliaust 
ventilators,  the  average  air  supply  per  berth  is  found  to  be  approximately 
2.1'<0  cubic  feet  per  hour.  This  compares  with  2,030  cubic  feet  for  the 
lower  berths  of  the  older  t}q3e  of  cars  equipped  with  the  same  ventilating 
device,  and  with  1,390  cubic  feet  in  cars  ventilated  by  the  deck-sash 
method.^ 

THE  UPPER  BERTH 

Table  3  records  the  observations  made  in  upper  berths  and  com- 
parisons with  the  air  of  the  aisle  taken  at  the  same  time.  The  items 
included  are  the  same  as  those  for  the  lower  berths  in  the  preceding  table. 

The  results  of  examination  of  upper  berths  may  be  summarized  as 

follows : 

Cars  in  which  upper  berths  were  examinee! 21 

Number  of  upper  berths  examined 30 

Average  number  of  upper  berths  per  car 1.43 

Total  number  of  air  samples  from  upper  berths 207 

Average  number  of  upper  berth  samples  per  cai- 9.86 

Average  number  of  samples  per  berth 6.9 

Average  CO,  in  air  of  car  body 5.86:10,000 

Average  CO,  in  air  of  upper  berths 7.00 :  10,000 

Highest  average  CO.,  in  upper  berths  of  any  car 8.70:10,000 

Lowest  average  CO,  in  upper  berths  of  any  car 5.44 :  10,000 

Highest  COa  in  any  upper  berth  sample 11.5    :  10,000 

Lowest  CO,  in  any  upper  berth  sample 4.5    :  10,000 


5.  These  figures  may  be  converted  into  terms  of  air  supply.  For  every  pro- 
portion of  CO,  in  the  air  there  is  an  equivalent  hourly  air  supply.  When  the  COj 
is  6  per  10,000  there  is  a  dilution  of  the  expired  air  which  would  be  maintained  by 
3,000  cubic  feet  of  fresh  air  per  hour;  Avhen  the  proportion  of  CO,  is  less  than  6 
per  10,000  there  must  be  more  than  3,000  cubic  feet  per  hour.  The  conversion  gives 
the  following  results: 

Lower  berth  tests  showing  3000  or  more  cu.  ft.  per  hour  44.39% 
Lower  berth  tests  showing  2000  or  more  cu.  ft.  per  hour  72.20% 
Lower  berth  tests  showing  1500  or  more  cu.  ft.  per  hour  84.00% 
Lower  berth  tests  showing  1000  or  more  cu.  ft.  per  hour  97.90% 
Lower  berth  tests  showing     750  or  more  cu.  ft.  per  hour  99.65% 

6.  These  cars  were  Nos.  13,  22  and  23.  The  last  two  were  on  the  same  train 
and  samples  were  taken  in  them  at  approximately  the  same  time.  The  train  was 
running  directly  with  a  strong  wind.  Nos.  13  and  22  are  the  same  car,  on 
different  trips. 
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Number  U.  B.  samples  showing  CO,  over       12:iaC00 0  (   0.00%) 

Number  U.  B.  samples  showing  CO..  over       10:10,000 5  (   2.42%) 

Number  U.  B.  samples  showing  CO..  over         8:10,000 34  (16.43%) 

Number  U.  B.  samples  showing  CO,  over         7:10.000 83  (40.10%) 

Number  U.  B.  samples  showing  CO.,  over         6:10,000 139  (67.15%) 

Number  U.  B.  samples  showing  CO,  6  or  less  :  10,000" 68  (32.84%) 

Number  U.  B.  with  higher  CO,  than  aisle  at  same  time 182  (87.92%) 

Number  U.  B.  with  lower  CO,  than  aisle  at  same  time 13  (   6.28%) 

Number  U.  B.  with  CO,  equal  to  aisle  at  same  time 12  (   5.80%) 

Average  hourly  air  supply  per  upper  berth,  cu.  ft 2000 

Highest  average  hourly  air  supply  for  U.  B.  of  any  car,  cu.  ft .4170 

Lowest  average  hourly  air  supply  for  U.  B.  of  any  car,  cu.  ft 1280 

Number  of  cars  showing  average  of  less  than  1.500  cu.  ft.  per  U.  B.  per 

hour,  2   ". (9.52%) 


Table  3.- 


-Deteraxinatioxs  of  the  Ventilation  of  the  Upper  Berths  of  Steel  Sleeping  Cabs 
Equipped  with  Exhaust  Ventilators 
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Cresheim  .  . 
Millard*  .. 
Bright  wood' 
Thurston 
Sparksf  .  .  . 
Cresheim"' 
Lemayl  .  .  . 
Amsden  .  .  . 
Walworth  . 
Thurston  . . 
Moorfield  . . 
Somena    .  .  . 

Wawa 

Nepperhan  . 
Thurston  S  . 
Colfax  .  .'  .  . 
Onchiota  . . 
Canfield 
Elkland  .  .  . 
Josslyn  .  .  . 
Halleek   .  .  . 


12 
36 
10 
30 
34 
20 
26 
30 
30 
24 
24 
20 
30 
24 

6 
16 
24 
24 

S 
20 
20 


52 
60 
56 
56 
60 
56 
60 
60 
60 
54 
60 
58 
62 
62 
58 
60 
60 
60 
56 
62 
62 


16 
15 
15 
28 
18 
19 
15 
18 
17 
19 
18 
16 
18 
18 
26 
16 
15 
21 
20 
15 
12 


5.50 
5.25 
6.00 
6.79 
5.45 
5.82 
4.72 
6.00 
5.71 
6.57 
5.93 
5.50 
6.39 
5.79 
7.21 
5.92 
5.20 
7.10 
6.30 
5.30 
5.08 


4.5 

6.0 

4.5 

6.5 

5.0 

7.0 

6.0 

8.5 

4.5 

7.0 

5.0 

7.5 

4.5 

5.0 

5.0 

8.0 

5.0 

8.0 

6.0 

7.0 

5.5 

6.5 

5.0 

6.0 

5.5 

9.5 

5.0 

7.0 

6.0 

9.5 

5.0 

8.0 

4.5 

6.0 

6.0 

8.0 

5.5 

7.0 

5.0 

5.5 

4.5 

6.0 

7 

20 

11 

9 

14 

7 

7 

7 

14 

18 

7 

7 

12 

10 

10 

10 

10 

6 


6.08 
6.50 
6.79 
8.36 
6.68 
6.82 
5.44 
6.96 
6.29 
7.79 
7.43 
7.07 
7.77 
6.00 
7.79 
7.42 
5.75 
8.70 
7.85 
6.45 
6.25 


5.5 
5.0 
6.0 
7.0 
5.5 
6.0 
4.5 
5.5 
5.5 
6.0 
6.0 
6.0 
6.0 
5.5 
6.5 
6.0 
4.5 
7.0 
7.0 
6.0 
5.5 


6.5 

10.5 

8.5 

11.0 

8.5 

8.5 

6.0 

9.0 

8.5 

10.0 

8.5 

9.0 

11.5 

6.5 

9.5 

9.5 

7.5 

10.5 

10.0 

8.0 

6.5 


0  f     0 

0 


2880 
2400 
2150 
1360 
2240 
2130 
4170 
2030 
2620 
1580 
1750 
1950 
1590 
3000 
1580 
1760 
3430 
1280 
1560 
2450 
2670 


21  cars 


17.8 


5.86 


4.5      9.5 


30 


207 


7.00  I  4.5 


11.5 


2000 


*Drop-sashes  of  end  doors  open  3  inches  (see  Note  4), 
fDrop-sash  of  rear  door  open  12  inches  (see  Note  4). 
JDrop-sashes  of  end  doors  open  24  inches  (see  Note  4). 
§Train  running  directlv  with  a  strong  wind. 


7.  Converting  these  figures  into  terms  of  air  supply,  as  in  Note  5 ; 


Upper  berth  tests  showing 

Upper  berth  tests  showing 

Upper  berth  tests  showing 

Upper  berth  tests  showing 

Upper  berth  tests  showing 


3000  or  more   cu.  ft.  per  hour,  32.84% 

2000  or  more   cu.  ft.  per  hour,  59.90% 

1500  or  more    cu.  ft.  per  hour,  83.57% 

1000  or  more   cu.  ft.  per  hour,  97.58% 

750  or  more    cu.  ft.  per  hour,  100.00% 
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On  the  basis  of  807  carbon  dioxid  determinations  in  30  upper  berths 
of  21  steel  sleeping  cars  equij)ped  with  exhaust  ventilators,  the  average 
air  supply  per  berth  is  found  to  be  approximately  2,000  cubic  feet  per 
hour.  This  compares  with  1,880  cubic  feet  for  the  upper  berths  of  the 
older  type  of  cars  equipped  with  the  same  ventilating  device,  and  witJi 
1,270  cubic  feet  in  cars  ventilated  by  the  deck-sash  method.^ 

COMPARISOX   OF   LOWER   AND   UPPER   BERTHS    IN"   THE    SAME   CAR 

We  are  able  to  compare  the  ventilation  of  the  lower  and  upper  berths 
in  all  of  the  twent3^-one  cars  in  which  upper  berths  were  investigated. 
The  comparison  for  each  car  is  shown  in  Table  4. 

It  will  be  seen  from  this  table  that  the  ventilation  of  lowers  and 
uppers  is,  on  the  average,  much  the  same.     It  is  relatively  rare  for  the 

Table  4. — Comparison  of  the  Vextilatiox  of  Tower  axd  Upper  Berths  ix 
Steel  Sleeping  Cars  Equipped  with  Exhaust  Ventilators 


V 

Name  of     Car 

CO.  per  10,000  of  Air 

Equivalent 
Hourlv  Air 

Aisle 

Lowers 

Uppers 

Supply 
per  Berth 

r^ 

Aver. 
CO. 

Ko.  of 
Tests 

Aver. 
CO, 

No.  of      A^er. 
Tests        CO, 

Lower     Upper 

1 

2 
3 

^ 
5 
0 

iO 

n 

12 
13 
14 
16 
17 
18 
22 
24 
26 
27 
30 
33 
•34 

Cresheim     

Millard*    

Brightwood* 

Thurston 

Sparkst     

Cresheim*     .... 

Lemaj't    

Amsden   

Walwortli    

Thurston     

Moorfield     

Somena    

Wawa    

Nepperhan    .... 

Thurston§     

Colfax    

Onchiota     

Canfield     

Elkland    

Josslyn    

Halleck     

5.50 
5.25 
6.00 
6.79 
5.45 
6.82 
4.72 
6.00 
5.71 
6.57 
5.93 
5.50 
6.39 
5.79 
7.21 
5.92 
5.20 
7.10 
6.30 
5.30 
5.08 

24 
32 
28 
21 
30 
44 
18 
14 
21 
21 
21 
14 
27 
21 
28 
24 
20 
20 
20 
20 
24 

5.73 

6,64 
6.66 
7.12 
6.18 
6.69 
6.06 
7.36 
7.64 
9.02 
6.62 
6.64 
7.55 
6.09 
9.25 
7.01 
5.55 
7.81 
7.01 
5.91 
0.85 

6 

8 

7 

7 

20 

11 

9 

14 

7 

7 

7 

14 

18 

7 

7 

12 

10 

10 

10 

10 

6 

6.08 

6.50 

6.79 

8.36 

6.68 

6.82 

5.44 

6.96    * 

6.29 

7.79 

7.43 

7.07 

7.77 

6.00 

7.79 

7.42 

5.75 

8.70 

7.85 

6.45 

6.25 

.3470 
2270 
2250 
1920 
2750 
2230 
2910 
1790 
1650 
1200 
2290 
2270 
1690 
2870 
1140 
1990 
3870 
1570 
1990 
3140 
2110 

2880 
2400 
2150 
1360 
2240 
2130 
4170 
203O 
2020 
1580 
1750 
1950 
1590 
3000 
1580 
1760 
3430 
1280 
1560 
2450 
2670 

1 
21  cars    5.86        492 

6.93         207 

7.00 

1 
2050     1     2000 

1 

*Drop-sashes  of  end  doors  open  3  inches  (see  Note  4). 
tDrop-sash  of  rear  door  open  12  inches   (see  Note  4). 
JDrop-sashes  of  end  doors  open  24  inches   (see  Note  4) 
§Train  running  directly  with  a  strong  wind. 
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average  air  supply  of  the  two  to  fall  far  apart.  If  one  is  high  the  other 
is  high ;  if  one  is  low  the  other  is  low.  The  general  averages  show  results 
which  would  indicate  that  the  lower  receives  slightly  more  air  than  the 
upper,  but  the  difference  is  almost  trifling.  In  thirteen  cars  the  lower 
received  the  greater  air  supply;  in  eight  cars  the  upper  received  the 
greater  supply.  This  runs  in  part  counter  to  the  findings  of  the  previous 
study/  where  in  every  car  the  lowers  were  found  to  receive  a  little  more 
air  than  the  uppers.  In  that  series  there  were  only  five  cars  in  which  this 
comparison  could  be  made. 

The  simultaneous  averages  of  COo  in  the  air  of  two  to  four  lowers  and 
in  one  or  two  uppers  in  the  same  car  can  be  compared  148  times.  The 
average  proportion  of  COo  in  the  air  of  the  lowers  was  less  than  in  the 
uppers  83  times  (56.1  per  cent) ;  it  was  greater  58  times  (39.2  per  cent.)^ 
and  they  were  equal  7  times  (4.7  per  cent.). 

The  proportion  of  COo  in  the  air  of  the  individual  lower  and  upper 
berths  in  the  same  section,  the  samples  being  taken  at  approximately  the 
same  time,  can  be  compared  185  times.  The  lower  berth  had  less  COo 
than  the  upper  96  times  (51.9  per  cent.)  ;  it  had  more  than  the  upper  62 
times  (33.5  per  cent.),  and  they  were  equal  27  times  (14.6  per  cent.). 
The  air  supply  is,  of  course,  inversely  as  these  proportions  of  CO,;  the 
lower  had  a  greater  air  supply  than  the  upper  in  51.9  per  cent.,  a  less 
air  supply  than  the  upper  in  33.5  per  cent.,  and  they  were  momentarily 
equal  in  14.6  per  cent,  of  the  cases. 

The  upper  berth  has  no  window  opening  into  it.  The  edge  of  the 
berth  is  about  on  a  level  with  the  top  of  the  window.  There  is  a  space  of 
about  one-half  inch  between  the  edge  of  the  berth  and  the  wall — a  total 
open  space  of  about  36  square  inches.  Through  this  wide  crevice  the 
upper  berth  receives  much  of  its  air  supply,  which  must  then  pass  inward 
and  upward  across  the  berth  and  its  occupant  toward  the  ventilator  exits. 

GENEKAL   COMPAEISONS 

We  may  here  bring  together  the  comparative  results  for  the  car  body 
and  the  lower  and  upper  berths  in  the  three  classes  of  cars.  The  general 
averages  of  COo  and  the  computed  air  supplies  are  as  follows: 

A.   Wood  Cars    {icith  Deck-Sash  Construction) 

1.  Xatural  ventilation   (Deck -'Sash  Method) 

Body  of  car:  CO™  =  7.32;  air  supply  to  car  =29,700  cu.  ft.  per  hour. 
Lower  berth:  CO,  =  8.32;  air  supply  per  berth  =  1,390  eu.  ft.  per  hour. 
Upper  berth:   CO,  =  8.73;   air  supply  per  berth  =    1,270  cu  ft.  per  hour. 

2.  Exhaust  ventilation  ( The  Exhaust  Method ) 

Body  of  car:  CO,  1=6.33;  air  supply  to  car  =: 40,600  cu.  ft.  per  hour. 
Lower  berth:  CO,  =  6.96;  air  supply  per  berth  =  2,030  cu.  ft.  per  hour. 
Upper  berth:   C02=:7.19;   air  supply  per  berth  =    1,880  cu.  ft.  per  hour. 
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B.  Steel  Cars   (Constructed  icithout  Dcck-Sashcs) 
Exhaust  ventilation. 

Body  of  car:  CO,  =  5.90;' air  supply  to  car  =53,000  cu.  ft.  per  hour. 
Lower  berth:  CU„'=6.76;  air  supply  per  berth  =  2.170  cu.  ft.  per  hour. 
Upper  berth:   CO;  =  7.00;   air  supply  per  berths    2,000  cu.  ft.  per  hour. 

The  comparisons  made  in  the  preceding  summary  will  he  made  clearer 
by  consulting  Chart  1,  in  which  the  COo  and  the  equivalent  hourly  air 
supplies  per  person  are  grouped  for  the  three  classes  of  cars,  showing 
their  relations  as  established  by  a  study  of  the  air  of  the  aisle,  the  lower 
berth,  and  the  upper  berth,  respectively.^ 

The  preceding  determinations  of  COo  and  computations  of  air  supply 
refer  to  the  running  car.  When  a  train  stops  the  active  ventilation  is 
much  reduced  and  the  COg  rises.  It  may  finally  reach  a  maximum  of 
20  volumes  in  10,000,  though  it  usually  stops  around  15.     This  rise  in 
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Chart  1. — Comparative  CO,  and  air  supply  of  the  berths  and  aisle  in  steel  cars 
with  exhaust  ventilation,  and  in  wood  cars  with  exhaust  and  natural  ventilation. 


the  COo  is  generally  detected  within  a  very  short  time  —  one  or  two 
minutes.  On  starting  again  the  air  supply  is  increased  and  the  COo  falls 
rapidly.    In  working  out  the  series  of  observations  presented  in  this  and 


S.  This  figure  applies  to  cars  which  have  no  opening  of  the  drop-sash  in  end 
doors  (see  Note  4),  as  the  equivalent  figures  in  the  other  group  apply  to  cars 
with  closed  doors.     The  windows  are  closed  in  all  cases. 

9.  Strictly  considered  there  is  no  proper  comparison  of  the  aisles  as  set  forth 
in  this  chart,  because  the  number  of  passengers  varied  for  the  different  classes 
of  cars,  and  as  this  number  varies  the  CO,  and  the  volume  of  air  per  person  will 
also  vary  in  like  ratio,  with  any  given  air  supply  to  the  car.  The  variation  in 
the  average  number  of  passengers  for  the  different  classes  was,  however,  so  small 
as  to  make  this  direct  comparison  allowable.  In  the  steel  cars  from  which  the 
figures  are  drawn  the  average  was  16.3 ;  in  tlie  wood  cars  with  exhaust  ventilation 
15.7;  and  in  the  wood  cars  with  natural  ventilation  16.4;  from  which  it  is  seen 
that  the  comparison  is  correct  to  within  a  small  fraction.  This  is  not  greater 
than  the  unavoidable  error  of  observation. 
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the  previous  study  no  attention  was  paid  to  stops  lasting  up  to  four  or 
five  minutes;  samples  taken  after  those  of  longer  duration  have  been 
dropped  out  of  consideration.  Had  attention  been  confined  strictly  to 
the  running  car  the  results  would  be  changed  slightly;  the  CO2  would  be 
a  little  lower  and  the  equivalent  air  supply  proportionately  higher. 

As  a  general  rule  it  is  found  that  the  CO2  in  the  air  of  the  berths  and 
in  the  air  of  the  aisle  follow  each  other  consistently  in  successive  determi- 
nations, that  of  the  berths  averaging  a  little  higher,  as  would  be  expected 
from  the  fact  that  the  inflowing  air  from  end  passageways  is  not  likely  to 
enter  them,  but  to  be  mixed  in  the  aisles  with  the  contaminated  air  that 
flows  out  from  them.  This  consistency  is  well  shown  in  Chart  2,  in  which 
Experiments  5  and  6,  selected  because  they  show  the  longest  series  of 
determinations,  are  graphically  represented.    The  relation  represented  in 
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Chart  2. — Graphic  representation  of  Experiments  5  and  6,  showing  consistent 
relation  of  CO,  in  aisle  and  berths.  The  lower  heavy  line  represents  the  findings 
in  the  aisle,  the  upper  heavy  line  the  average  in  the  berths,  and  the  broken  lines 
the  findings  in  individual  berths.  The  relation  shown  here  is  that  which  is 
usually  found. 

this  chart  is  that  which  generally  obtains,  though  it  occasionally  happens 
that  the  findings  are  so  varied  as  to  show  little  if  any  of  such  consistency. 
By  far  the  most  striking  example  of  this  I  am  able  to  produce  is  shown 
in  Chart  3,  in  which  Experiments  11  and  12  are  represented.  These  two 
cars  were  on  the  same  train  and  were  examined  at  approximately  the 
same  time.  Two  lower  berths  are  here  represented  in  which  the  COo 
m.omentarily  reached  14  parts  per  10,000  of  air,  the  only  instances  but 
one  in  which  it  passed  13.  It  should  be  noted  also  that  lower  berth  seven, 
shown  at  the  right,  shows  the  highest  average  CO,  (10.71  per  10,000)  of 
any  berth  of  the  whole  series.    It  is  the  only  one  reaching  an  average  of 
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10  i^arts  per  10,000,  except  one  berth  in  Experiment  22,  wherein  they  all 
ran  much  above  the  general  average. 

From  what  has  preceded  it  is  seen  that  the  air  supply  to  the  breathing 
zone  of  the  steel  car,  constructed  without  deck-sashes,  is  materially 
increased  over  that  of  cars  similarly  equipped  as  to  exliaust  ventilating 
devices,  but  built  with  deck-sashes  in  the  ordinary  way.  This  increased 
ventilation  is  much  more  noticeable  in  the  air  of  the  aisles  than  in  that 
of  the  berths;  it  results  in  a  somewhat  greater  difference  between  the 
average  COg  of  the  aisle  and  berths  than  was  found  in  the  previous  series, 


TIME 


Chart  3. — Graphic  representation  of  Experiments  11  and  12,  showing  inconsis- 
tent relation  of  CO,  in  aisle  and  berths.  The  lower  heavy  line  connecting  open 
circles  represents  the  findings  in  the  aisle,  the  upper  heavy  line  the  average  for  the 
berths.    The  lighter  lines  represent  individual  berths. 

which  is  interpreted  to  mean  that  more  air  flows  from  the  end  doors  and 
passageway  windows  into  the  body  of  the  car  by  reason  of  there  being  no 
crevices  at  the  top  to  supply  the  exhaust  demand  of  the  ventilators.  It 
is  probable  that  the  power  of  exhaustion  developed  by  these  ventilators 
is  very  slight  as  measured  by  differences  of  the  internal  and  external 
barometric  pressure.  They  no  doubt  act  mainly  by  furnishing  a  ready 
exit  and  continuous  outflow  of  that  air  forced  in  by  the  wind,  preventing 
its  damming  back  near  the  places  of  entrance.     In  this  way  a  constant 
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upward  movement  of  the  incoming  air  is  assured,  and  this  leads  to  a 
constant  and  equalized  renewal  of  the  air  in  the  lower  levels. 

HYGIENIC   CONSIDERATIONS 

The  principles  which  should  govern  the  application  of  ventilating 
procedures,  and  the  more  important  experimental  evidence  on  which 
these  are  based,  have  been  previously  discussed.^*^  It  is  not  necessary  to 
make  further  reference  to  the  history  and  literature  of  the  subject  in 
this  place. 

Until  very  recent  years  our  knowledge  of  the  hj'^gienic  principles  of 
ventilation  has  been  exceedingly  imperfect,  and  our  opinions  largely 
erroneous.  It  must  be  confessed  that  the  subject  is  still  in  a  rather 
chaotic  condition;  but  order  is  beginning  to  come  out  of  this  chaos,  if 
indeed  it  is  not  already  fully  established  for  those  who  have  carefully 
studied  the  excellent  experimental  work  of  many  investigators  who  have 
busied  themselves  to  answer  questions  concerning  why  we  must  ventilate, 
what  are  its  effects,  how  are  these  produced,  and  on  what  failures  depend. 
Failures  there  have  been  without  number,  and  these,  too,  when,  according 
to  the  hygienists,  the  requisite  quantity  of  pure  air  was  introduced.  It 
took  the  physiologists  to  answer  our  questions  and  to  rid  us  of  old  and 
erroneous  conceptions.  The  subject  has  been  most  clearly  set  forth,  and 
much  new  experimental  evidence  has  been  added,  in  a  recent  communi- 
cation to  the  Eoyal  Society  of  Arts  by  Professor  Leonard  Hill,^^  of 
London. 

On  the  basis  of  well  controlled  experiments,  the  following  statements 
seem  to  be  entirely  warranted : 

1.  All  trustworthy  evidence  goes  to  show  that  the  normal  expired  air 
contains  no  volatile  poison^^  and  that  it  is  not  capable  of  harming  the 


10.  In  the  article  referred  to  in  Note  1,  and  in  tlie  Eeport  of  the  Committee 
on  the  Ventilation  of  Cars,  Transactions  of  the  Section  on  Preventive  Medicine 
and  Public  Health  of  the  Am.  Med.  Assn.,  Chicago,  1911,  p.  177. 

11.  Hill  and  Flack:  The  Influence  of  Ozone  in  Ventilation,  Jour.  Royal  Society 
of  Arts,  London,  Feb.  9,  1912,  p.  344. 

12.  Mention  should  be  made  in  this  connection  of  the  recent  work  of  Rosenau 
and  Amoss,  "Organic  Matter  in  the  Expired  Breath,"  Jour.  Med.  Research,  1911, 
XXV,  35.  On  the  basis  of  the  very  delicate  anaphylactic  reaction  they  have  made 
experiments  which  would  seem  to  indicate  that  organic  bodies  belonging  to  the 
protein  group  may  be  present  in  the  breath  of  healthy  people,  and  they  express 
the  opinion  that  these  bodies  may  be  harmful  when  rebreathed. 

In  the  air  of  the  lungs  any  such  volatile  proteid  would  be  constantly  present 
in  fifty  or  one  hundred  times  greater  concentration  than  in  the  air  of  occupied 
rooms,  since  the  air  of  such  rooms  does  not  ordinarily  contain  more  than  1  or  2 
per  cent,  of  expired  air.  The  air  which  has  been  expelled  from  the  alveoli  and  has 
lodged  in  the  upper  air  passages  during  expiration,  is  drawn  back  into  the  alveoli 
during  inspiration.  The  volume  of  this  "dead  space"  amounts  to  about  one-third 
of  the  whole  volume  of  normal  quiet  inspiration;  consequently,  the  normally 
inspired  air  is  about  one-third  expired  breath.     The  reinspiration  of  expired  air 
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Iranian   organism   when   rebreathed   under   the   ordinar}'^   conditions   of 
ventilation. 

2.  The  increase  of  carbon  dioxid  and  the  decrease  of  oxygen  have 
nothing  to  do  with  the  ventilation  problem  under  normal  conditions,  or 
with  the  subjective  or  objective  effects  of  close  air.  Carbon  dioxid  is  a 
necessary  constituent  of  the  air  of  the  lungs ;  it  is  not  to  be  considered  as 
a  poison  or  the  index  of  a  poison.  Its  proportion  in  the  air  of  a  room  is 
a  convenient  and  fairly  accurate  index  of  the  quantitative  air  supply. 

3.  Air  performs  for  the  body  a  physical  function  (heat- abstraction) 
which  is  quite  as  important  as  its  chemical  function  (oxygen-supplying). 

4.  The  ordinary  defects  of  ventilation  lie  with  the  physical  function 
of  the  air  and  not  with  the  chemical. 

5.  Temperature,  humidity  and  air  movement  are  the  physical  qual- 
ities of  the  air  which  are  of  importance  in  this  relation. 

6.  The  success  of  ventilation  depends  on  whether  or  not  these  physical 
qualities  of  the  air  are  so  regulated  as  to  maintain  its  physical  function 
of  heat  abstraction  without  embarrassment  to  the  reflex  mechanism  for 
the  regulation  of  body  temperature.  "The  good  effects  of  efficient  ven- 
tilation and  of  out-door  air  depend  on  the  coolness,  the  relative  humidity 
and  the  motion  of  the  air  and  the  ceaseless  variation  of  these  qualities." 
(Hill.) 

These  six  statements,  then,  are  the  main  items  of  the  code  which 
should  govern  attempts  to  ventilate.  We  may  not  go  into  the  practical 
details  of  their  application  here;  but  it  will  be  noted  that  quantity  of 
air  as  a  measure  of  ventilation  efficiency  is  to  a  large  degree  lost  sight  of, 
while  the  physical  qualities  of  the  air  as  they  affect  its  ability  to  absorb 
body  heat  come  strongly  forward.  The  hygienic  value  of  ventilation  for 
the  purpose  of  supplying  chemically  pure  air  is  much  less  than  has  been 
generally  supposed.  It  should  now  be  looked  on  as  a  process  to  be  carried 
out  in  the  interest  of  the  heat  economy  of  the  body.  Metabolism  is 
greatly  influenced  by  the  rapidity  of  heat  dissipation,  and  this  is  con- 
trolled by  external  physical  conditions. 


appears  to  be  a  conservative  and  a  necessary  process.  It  is  a  well  known  fact 
that  the  pulmonary  ventilation  is  increased  and  decreased  reflexly  to  maintain  a 
relatively  constant  pressure  of  CO,  (about  5  per  cent,  of  an  atmosphere)  in  the 
alveolar  air.  Our  hypothetical  poison  could  not  become  concentrated  in  the  sur- 
rounding air  unless  the  CO,  also  became  concentated,  and  then  the  larger  respira- 
tory ventilation  due  to  the  increased  CO2  would  affect  the  concentration  of  both 
bodies  in  the  alveolar  air  in  equal  proportion.  The  increase  in  pulmonary  ventila- 
tion which  would  be  made  necessary  by  the  presence  of  2  or  3  per  cent,  of  expired 
air  in  that  which  is  being  breathed,  in  order  to  maintain  what  we  must,  in  the 
nature  of  things,  look  upon  as  the  normal  dilution  of  the  alveolar  air,  is  very 
small.  It  amounts  to  no  more  than  3  or  4  per  cent.,  whereas  the  possible  increase 
is  as  many  hundred  per  cent.  Such  an  increase  ought  to  lie  well  within  our 
"margin  of  safetv." 
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The  great  purpose  of  ventilation  is  the  maintenance  of  health.  This 
is,  in  general,  accomplished  by  the  maintenance  of  comfort,  for  to  main- 
tain a  comfortable  atmosphere  is  practically  to  maintain  a  healthful  one. 
To  this  end  the  regulation  of  temperature  and  air  movement  are  of  the 
greatest  interest  and  importance;  as  to  the  necessity  of  adding  humidity 
to  naturally  dry  air  which  has  not  been  superheated,  we  really  know 
very  little.  Professor  HilP^  has  expressed  the  opinion  that  slight  but 
constant  changes  of  temperature  and  motion  in  the  surrounding  medium, 
leading  to  constant  readjustments  of  the  heat  regulating  mechanism  of 
the  body,  are  a  very  important  factor  in  obtaining  good  results,  and  he 
very  justly  objects  to  the  impulsion  of  hot  air  into  a  room  as  "the  most 
objectionable  of  all  sj^stems  of  ventilation."  He  believes  that  "a  cool  air 
and  radiant  heat  are  the  ideal."  Cold  air  entering  in  small  jets,  and 
direct  radiation,  with  the  irregular  and  constantly  changing  convection 
currents,  fulfill  the  desired  conditions  well. 

It  is  on  such  a  basis  of  cause  and  effect  that  cars  ventilated  by  the 
method  we  have  been  considering  are  found  to  be  effectively  ventilated 
from  the  standpoint  of  air-comfort  and  the  feeling  of  bodily  well-being. 
The  air  supply  is  always  adequate  to  prevent  monotony  and  stagnation  of 
the  conditions  surrounding  the  skin,  yet  the  streams  of  incoming  cold 
air  are  individually  of  such  small  volume,  and  take  on  such  irregular 
and  diffuse  movement  into  the  stiller  body  of  air  within,  that  the  dis- 
comfort of  draughts  is  almost  entirely  avoided.  There  was  no  report  of 
discomfort — of  so-called  "stuflSness" — in  the  series  of  cars  herewith  pre- 
sented. It  will  be  seen  by  consulting  the  tables  that  their  temperatures 
were  always  low.  When  trouble  arises  it  is  invariably  connected  with  too 
much  heat.  "VVTien  the  temperature  is  low  ventilation  always  seems  to  be 
good,  regardless  of  the  amount  of  respiratory  contamination;  when  the 
temperature  is  high  ventilation  always  seems  to  be  bad,  regardless  of  the 
chemical  purity  of  the  air.  These  are  statements  which  have  been  amply 
verified  by  a  long  list  of  observations;  comfort  and  air  purity  have  little 
or  no  relation,  but  comfort  and  air  temperature  and  motion  are  very 
closely  related.  The  delicate  sensory  nerves  of  the  skin  have  much  to  do 
with  the  feeling  of  comfort  or  discomfort.  The  judgment  arrived  at  by 
means  of  our  sensations  is  in  the  main  a  correct  one ;  the  air  is  bad  or  it 
is  good,  just  as  the  sensations  indicate;  but  it  is  bad  or  it  is  good  in  a 
physical  and  not  in  a  chemical  sense. 
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A  MODIFICATION  OF  THE  TECHNIC  OF  THE  WASSERMANN 

EEACTION  * 

ARTHUR   F.   COCA,   M.D.,   and  ELISE   S.   L'ESPERANCE,  M.D. 

NEW  YOKK 

The  "WasseTmann"  blood  test  for  syphilis  is  now  generally  recognized 
as  a  valuable  aid  to  the  clinician,  not  only  in  the  diagnosis  of  the  disease, 
but  often  as  an  indicator  of  the  effect  of  treatment.  It  is  not,  perhaps, 
so  generally  appreciated,  however,  that  tlie  test,  in  order  to  be  of  real 
value,  must  be  so  carried  out  that  a  "positive"  reaction  will  be  obtained 
only  in  syphilis  and  in  certain  other  conditions  that  are  readily  distin- 
guished from  syphilis.  ISTo  one,  thus  far,  has  succeeded  in  so  improving 
the  efficiency  of  the  test  that  in  every  case  of  syphilis  with  apparent 
lesions  a  positive  reaction  is  obtained:  so  that  as  a  diagnostic  means  a 
negative  "Wassermann"  reaction  offers  no  guarantee  of  the  absence  of 
luetic  infection;  but  properly  performed,  the  test,  when  it  results  posi- 
tively, must  be  expected  to  indicate  either  syphilis  or  certain  other  easily 
recognized  conditions,  such  as  leprosy,  malaria,  frambesia,  paroxysmal 
hemoglobinuria  and  probably  lead-poisoning. 

It  follows,  therefore,  that  no  modification  of  the  original  technic  of 
the  Wassermann  test  can  be  adopted  if,  with  its  use,  any  positive  reac- 
tions are  encountered  in  diseases  other  than  those  mentioned;  and  this 
policy  would  have  to  be  adhered  to  even  if  the  modifications  proposed 
promised  a  great  increase  in  the  number  of  positive  reactions  obtained 
in  kno\ra  cases  of  syphilis. 

A  number  of  grave  defects  attach  to  the  technical  procedure  originally 
recommended  for  the  performance  of  Wassermann  test,  all  of  which  are 
due  to  the  impurities  contained  in  the  originally  prescribed  "antigen" 
preparations  (i.  e.,  the  carbolized  watery  extract  or  the  alcoholic  extract 
of  the  liver  of  a  syphilitic  fetus).  These  impurities  may  interfere  in 
three  ways  Avith  the  performance  of  the  test :  ( 1 )  by  exerting  a  directly 
anticomplementary  influence  during  the  period  of  fixation;  (2)  by  exert- 
ing a  hemolytic  influence  on  the  blood  corpuscles  that  are  used  as  indica- 
tor of  the  reaction;  and  (3)  by  causing  a  pseudoreaction  with  the  serum 
of  individuals  who  are  neither  syphilitic  nor  subject  to  any  of  the  other 
conditions  that  are  mentioned  above. 


*From  the  Departments  of  Pathology  and  Experimental  Pathology  in  the  Med- 
ical College  of  Cornell  University,  New  York. 

•Manuscript  submitted  for  publication  Aug.  12,  1912. 
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The  first  two  of  these  three  disturbing  actions  of  the  impurities  con- 
tained in  the  fetal  liver  extracts  are  avoided  by  selecting  for  test  that 
quantity  of  extract  which,  in  double  amount,  is  neither  hemolytic  nor 
anticomplementary.  The  use  of  this  quantity  of  extract,  however,  is 
attended  with  the  third  disturbing  action  and  for  the  elimination  of 
that  source  of  error  it  has  been  found  necessary  to  heat  the  sera  to  be 
examined  for  one-half  hour  at  50  C.^ 

One  of  the  earliest  modifications  of  the  "Wassermann"  technic  was 
the  substitution  of  an  alcoholic  extract  of  normal  organs — for  example, 
the  heart  muscle  of  the  guinea-pig — for  the  extracts  of  syphilitic  fetal 
liver.  The  most  extensive  studies  of  both  syphilitic  and  non-syphilitic 
organ  exti'acts  in  their  '^antigenic"  capacity  were  made  by  ISToguchi,  who 
showed  that  the  ^'^autigenic"  function  of  all  the  extracts  resides  solely  in 
the  lipoid  fraction,  and  that  the  process  of  separating  the  lipoids  from 
the  extracts  eliminates  to  a  large  extent  the  disturbing  impurities. 

On  the  basis  of  this  important  discovery  Foguchi  recommended  the 
use  of  the  isolated  lipoids ;  i.  e.,  the  ether-soluble,  acetone-insoluble  frac- 
tion of  an  alcoholic  organ  extract  as  "antigen."  Noguchi  at  first  believed 
that  when  the  isolated  lipoids  are  used  as  "antigen"  in  the  Wassermann 
test  the  sera  to  be  examined  could  be  used  without  the  usual  heating  at 
50  C. ;  but  other  workers-  who  employed  the  isolated  lipoids  found  that 
these  also,  when  used  according  to  the  original  prescription  of  the  Was- 
sermann technic — i.  e.,  as  regards  quantity — gave  spurious  positive  reac- 
tions with  unheated  sera.  For  this  reason,  as  well  as  on  account  of  the 
practice  of  many  workers  of  storing  the  sera  for  several  days  before  exam- 
ining them  (during  which  time  they  often  become  anticomplementary), 
it  is  customary,  also  when  the  isolated  lipoids  are  used  as  "antigen,"  to 
heat  the  sera. 

Our  own  experiences  with  the  isolated  lipoid  "antigen,"  which  are 
described  in  detail  elsewhere,^  have  convinced  us  that  when  this  "antigen" 
-preparation  is  used  according  to  the  method  originally  prescribed  for  the 
performance  of  the  Wassermann  test,  its  one  great  advantage  over  the 
original  organ  extract  is  in  part  sacrificed  and  a  new  source  of  error  is 
introduced. 

The  sole  advantage  of  the  isolated  lipoids  over  the  original  orsan 
extracts  as  an  "antigen"  preparation  lies  in  the  availability  of  tlie 
"antigenic"  substances  in  the  former  preparation  for  use  in  much 
greater  quantity  than  is  possible  with  the  latter  preparation.  This 
advantage  has,  however,  a  two-fold  application.  We  have  found,  in  the 
first  place,  that  in  a  considerable  proportion  of  luetic  cases — usually 


1.  In  some  laboratories  higher  temperatures   (54  to  56  C.)  are  employed. 

2.  See  article  by  ilacRae,  Eisenbvey  and  Swift,  The  Arch.  Int.  Med.,  1910,  vi. 

3.  Zeitsehr.  f.  Immunitatsf.,  1912,  xiv,  p.  139. 
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those  exliibiting  lesser  lesions  or  those  that  have  received  only  mercurial 
treatment — a  positive  reaction  is  obtained  when  a  larger  quantity  of  the 
isolated  lipoids  is  used,  but  the  test  results  negatively  with  smaller  quan- 
tites;  i.  e.,  with  quantities  that  represent  the  amount  of  "antigenic'' 
substance  that  is  used  in  the  originally  recommended  procedure. 

As  we  have  just  indicated,  there  is  another  way  in  which  the  availa- 
bility of  the  isolated  lipoid  "antigen"  for  use  in  relatively  large  quanti- 
ties can  be  applied  to  advantage  in  carrying  out  the  Wassermann  test. 
In  determining  the  reacting  strength  of  immune  sera  by  means  of  the 
Bordet-Gengou  technic — which  is  the  prototype  of  the  Wassermann  tech- 
nic — it  is  customary  to  estimate  the  relative  values  of  such  sera  accord- 
ing to  the  smallest  amount  of  the  respective  antigen  with  which,  under 
like  conditions,  complete  complement  fixation  is  produced.  Since  the 
mechanism  of  the  Bordet-Gengou  reaction  and  that  of  the  Wassermann 
reaction  are  undoubtedly  identical,  it  must  be  possible  to  apply,  in  the 
latter  test,  the  same  principle  of  quantitative  comparison  that  is  used  in 
the  former. 

This  plan  was  suggested  a  number  of  years  ago  by  ISTeisser,  Bruck  and 
Schucht,  but  in  the  absence  of  any  further  publication  on  the  matter  by 
these  authors  it  may  be  assumed  that  their  attempt  in  this  direction  was 
not  successful. 

Their  failure  can  be  easily  explained. 

An  examination  of  their  published  protocols  discloses  the  fact  that, 
owing  to  the  admixture  of  the  usual  impurities  in  their  standard  "anti- 
gen" preparation,  which  was  an  alcoholic  extract  of  the  liver  of  a  syph- 
ilitic fetus,  they  were  limited  to  the  use  of  only  eight  times  the  smallest 
amount  of  "antigen"  with  which,  in  cases  of  untreated  secondary  syphilis, 
complete  complement  fixation  could  be  produced.  With  an  "antigen" 
preparation  limited  to  such  a  narrow  working  range,  it  was  not  possible 
to  apply  the  quantitative  method  of  the  Bordet-Gengou  test. 

The  isolated  lipoid  "antigen,"  on  the  other  hand,  can  be  safely  used 
in  a  quantity  that  is  at  least  500  times  the  minimum  complete  fixing 
unit — as  determined  in  cases  of  untreated  secondary  syphilis — and  with 
this  preparation,  therefore,  the  quantitative  technic  of  the  Bordet- 
Gengou  test  becomes  directly  applicable  to  the  Wassermann  test.* 

If  then,  as  is  commonly  done,  the  isolated  lipoid  "antigen"  is 
employed  for  the  Wassermann  test  in  only  one  quantity — i.  e.,  one-half 
of  the  largest  amount  that,  by  itself,  is  neither  hemolytic  nor  anti- 


4.  It  must  be  emphasized  here  that  whether  the  reacting  strength  of  luetic 
sera  as  determined  according  to  the  minimum  fixing  quantity  of  "antigen"  does 
or  does  not  always  coincide  with  the  degree  of  severity  of  the  syphilitic  process 
that  exists  at  the  time  of  the  examination,  the  result  of  such  a  determination  does 
give  a  true  index  of  the  concentration  of  the  reacting  substances  in  the  sera. 
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complementary — the  advantage  of  the  quantitative  method  of  the  Bordet- 
Gengou  test  is  sacrificed. 

But  the  sacrifice  of  the  quantitative  technic  is  not  the  only  objection 
that  must  be  urged  against  the  application  of  the  Wassermann  prescrip- 
tion to  the  use  of  the  isolated  lipoid  "antigen/^  We  have  mentioned  the 
experience  of  MacEae,  Eisenbrey  and  Swift,  who  found  that  even  with 
the  isolated  lipoid  "antigen/'  unless  the  sera  to  be  examined  are  heated, 
"positive"  reactions  are  sometimes  obtained  in  many  diseases  other  than 
syphilis.^ 

The  practice  of  those  who  use  the  isolated  lipoid  "antigen"  of  heat- 
ing the  sera  to  be  examined  in  order  to  avoid  such  spurious  positive 
reactions,  greatly  exaggerates  a  new  source  of  error — one  that  is  not 
encountered  when  the  smaller  quantities  of  the  "antigenic"  substances 
are  used,  as  under  the  original  Wassermann  technic — which  attaches 
to  the  use  of  the  isolated  lipoid  "antigen."  The  source  of  error  referred 
to  is  the  familiar  prezone  phenomenon  of  wanting  reaction,  which  occurs 
in  the  testing  of  specific  antisera  when  either  of  the  two  reacting  sub- 
stances, antigen  and  antibody,  is  combined  with  the  other  in  a  quantity 
that  is  in  excess  of  a  definite  proportion. 

The  prezone  phenomenon  that  is  sometimes  produced  in  the  perform- 
ance of  the  Wassermann  test  is  due  to  the  use  of  a  relative  excess  of  the 
"antigenic"  substances.  It  is  much  more  frequently  met  with  when  the 
sera  to  be  examined  are  heated,  but  it  has  been  observed  by  us  in  twelve 
instances  in  which  the  sera  had  not  been  heated. 

The  source  of  error  presented  by  the  prezone  phenomenon  occurring 
in  the  Wassermann  test  can  be  easily  eliminated  by  carrying  out  each 
Test  with  descending  quantities  of  the  "antigen,"  so  that  it  is  not  neces- 
sar3',  only  on  account  of  this  possible  fallac}",  to  omit  the  heating  of  the 
sera.  That  the  custom  of  heating  the  sera  should  be  discarded  when  it 
is  possible  is,  however,  evident  in  view  of  the  well-known  fact  that  heat- 
ing considerably  reduces  the  reacting  power  of  luetic  sera. 

As  a  matter  of  fact,  the  heating  of  the  sera  can  be  dispensed  with,  for 
we  have  found  an  equally  certain  and  much  simpler  way  to  accomplish  the 
end  for  which  the  heating  was  usually  performed,  namely,  to  avoid  the 
spurious  "positive"  reactions  of  diseases  other  than  s}'philis.  We  have 
observed,  in  a  series  of  several  hundred  examinations,  that  whereas  with 
unheated  sera  0.2  c.c.  of  a  1  to  10  dilution  of  our  3  per  cent,  lipoid  solu- 
tion often  gives  complete  fixation  in  many  conditions  other  than  syphilis, 
no  such  spurious  reaction  is  produced  by  0.1  c.c.  of  that  dilution  of  the 
lipoids.    With  one  exception  all  of  the  fixations  produced  with  the  latter 


5.  Notwithstanding  this  serious  complication  these  writers  conclude  that  "the 
Xoguchi  method,  using  active  serum,  gives  the  most  sensitive  reaction  in  syphilis." 
We  have  already  pointed  out  the  fallacy  of  this  view. 


88  THE     ARCHIVES     OF    IXTERNAL     MEDICINE 

quantity  of  the  isolated  lipoid  "antigen"  have  been  obtained  in  cases  of 
j^-nown  syphilis.  That  one  exception  was  in  a  case  of  paroxysmal  hemo- 
globinuria, in  which  disease  the  original  Wassermann  technic  produces 
regularly  a  "positive"  result." 

Instead  of  heating  the  sera,  therefore,  we  avoid  the  spurious  or 
" pseudoreactions"  hy  using  about  half  the  prescribed  amount  of  the 
isolated  lipoid  "antigen,"  which,  as  we  have  already  stated,  is  500  times 
the  minimum  fixing  quantity  for  secondary  S3^hilis. 

SUMMAEY 

The  substance  of  the  preceding  discussion  may  be  more  briefly  pre- 
sented as  follows : 

1.  Only  the  lipoid  fraction  of  organ  extracts  possesses  the  "antigenic" 
properties  requisite  for  the  performance  of  the  Wassermann  blood  test 
for  syphilis  (Noguchi). 

2.  On  account  of  the  large  admixture  in  the  originally  recommended 
"antigen"  preparations  (i.  e.,  the  carbolized  watery  extract  and  the 
simple  alcoholic  extract  of  the  liver  of  a  syphilitic  fetus)  of  substances 
not  possessing  "antigenic"  properties,  the  quantitative  limits  within 
which  the  "antigenic"  substances  are  available  for  the  Wassermann  test, 
are  very  narrow — 4  to  8  units.  AVhen  such  extracts  are  used  for  the 
test  the  sera  must  be  heated,  otherwise  positive  reactions  are  obtained 
in  many  diseases  besides  syphilis.  The  reacting  strength  of  luetic  sera 
is  considerably  reduced  by  heating. 

3.  The  quantitative  limits  within  which  the  isolated  lipoid  "antigen" 
is  available  for  the  Wassermann  test,  are  relativel}^  wide — at  least  500 
units — so  that  with  this  preparation  positive  reactions  can  be  obtained 
with  luetic  sera  with  which  the  test  would  result  negatively  if  only  the 
lelatively  small  amount  of  "antigen"  available  under  the  original  Wasser- 
mann procedure  was  used;  furthermore,  on  account  of  the  greatly 
extended  working-range  of  the  isolated  lipoid  "antigen"  preparation  the 
usual  quantitative  method  of  determining  the  reacting  strength  of  specific 
antisera  according  to  Bordet-Gengou  can  be  employed. 

4.  Wlien  the  isolated  lipoid  "antigen"  preparation  is  used  according 
to  the  original  Wassermann  prescription,  "positive"  reactions  are  often 
obtained  with  active  sera  in  many  diseases  other  than  syphilis.  These 
spurious  or  "pseudoreactions"  can  be  entirely  avoided,  without  heating 
the  sera,  by  not  using  more  than  about  half  of  the  prescribed  amount  of 
the  "antigen"  preparation;  i.  e.,  one-fourth  instead  of  one-half  of  the 
largest  quantity  of  the  preparation  that  by  itself  is  neither  hemolytic  nor 
anticomplementary. 

5.  When  the  isolated  lipoid  "antigen"  preparation  is  used  in  descend- 
ing quantities  in  the  Wassermann  test,  the  prezone  phenomenon  is  some- 
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times  observed,  which  is  due  to  the  use  of  an  excess  of  the  "antigenic" 
substances.  This  source  of  error  is  met  with  in  a  considerable  proportion 
of  heated  luetic  sera,  and  occasionally  even  when  the  sera  are  not  heated ; 
it  can  be  avoided  only  by  the  use,  in  each  test,  of  descending  quantities 
of  the  "antigen"  preparation. 

PEOPOSED   TECHNIC 

Antigen. — The  most  convenient  source  of  suitable  lipoids  is  the  heart 
muscle  of  the  ox.  The  muscular  tissue  is  dissected  out  from  the  heart  of 
a  recently  slaughtered  ox,  and,  after  being  finely  comminuted  in  a  meat 
grinder,  is  shaken  well  with  about  ten  volumes  of  95  per  cent,  alcohol. 
The  alcoholic  extract  is  filtered  after  five  to  ten  days  and  evaporated 
nearly  to  dryness  with  the  use  of  an  electric  fan.  The  sticky  residue  is 
extracted  with  ordinary  ether  and  the  ether  extract  again  evaporated 
with  the  use  of  the  fan,  supplemented  finally  with  gentle  warming.  The 
resulting  residue  is  then  extracted  with  water-free  ether  in  small  quantity 
and  the  clear  solution  obtained  by  centrifugation  is  mixed  with  five 
volumes  of  acetone.  After  thorough  shaking  the  fluid  is  poured  off  the 
waxy  precipitate,  which  is  then  shaken  several  times  with  fresh  portions 
of  acetone.  The  stock  solution  is  a  filtered  2  per  cent,  solution  of  the 
lipoids  in  pure  methyl  alcohol.  For  each  series  of  tests  a  fresh  emulsion 
is  made  by  diluting  one  part,  by  volume,  of  the  stock  solution  up  to  ten 
parts  with  physiological  salt  solution  (Ringer's).  Of  this  0.2  per  cent, 
emulsion,  0.4  c.c.  has  never  produced  the  slightest  hemolysis  when  mixed 
with  0.1  c.c.  of  a  5  per  cent,  suspension  of  sheep's  blood,  nor  is  that 
amount  anticomplementary  with  0.01  c.c.  of  guinea-pig's  serum  (indica- 
tor 0.1  c.c.  of  5  per  cent,  sensitized  sheep's  blood). 

Some  lipoid  preparations  from  ox's  heart  muscle  are  not  capable 
of  functionating  as  "antigen"  in  the  Wassermann  test.  Of  four  such 
preparations  made  from  four  different  ox-hearts,  one  was  completely  lack- 
ing in  "antigenic"  property.  The  other  three  were  efficient,  and  equally 
so,  in  that  capacity.  The  "antigenic"  property  of  our  first  preparation 
has  remained  unchanged  for  more  than  one  year. 

In  the  interest  of  economy  of  materials,  all  the  reagents  entering  into 
the  Wassermann  test  may  be  used  in  one-tenth  of  the  usual  quantities. 
Under  this  condition  we  have  found  that  with  cases  of  untreated  sec- 
ondary syphilis,  the  minimum  fixing  amount  of  ox-heart  lipoids  is  fre- 
quently as  little  as  0.0002  c.c.  of  a  0.2  per  cent,  emulsion,  that  is, 
0.0000001  g. 

Some  of  the  sera  that  have  been  obtained  more  than  twenty-four 
hours  previous  to  the  examination  are  found  to  have  become  anticom- 
plementary, that  is,  0.4  c.c.  or  less,  of  the  diluted  serum  inhibits  by  itself 
the  complementary  function  of  0.1  c.c.  of  guinea-pig's  diluted  serum. 
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In  order  to  remove  this  anticomplementary  property  it  is  necessary  to 
heat  such  sera  for  one-half  hour  at  about  50  C.  For  the  exact  determina- 
tion of  the  fixing  strength  of  a  luetic  serum,  it  is,  therefore,  important 
that  the  test  be  made  within  twenty-four  hours  after  the  blood  has  been 
taken,  so  that  the  necessity  of  inactivation  may  be  avoided.  If,  as  we 
have  always  done,  the  reagents  entering  into  the  Wassermann  test  are  all 
used  in  one-tenth  of  the  usual  quantities,  the  amount  of  the  patient's 
serum  required  for  such  examination  is  correspondingly  reduced ;  so  that 
sufficient  blood  for  the  test  can  be  easily  obtained  from  the  ear  or  finger. 
Such  small  amounts  (2  c.c.)  are  best  defibrinated  and  centrifugated  at 
once.  The  serum  can  then  be  removed  with  a  pipet  and  is  ready  for 
immediate  examination. 

Complement. — This  function  is  supplied  by  0.1  c.c.  of  a  1  to  10  dilu- 
tion of  fresh  guinea-pig's  serum  in  physiological  salt  solution.  Whenever 
this  serum  is  naturally  hemolytic  for  sheep's  blood  corpuscles,  the  natural 
hemolysin  is  to  be  removed  by  the  cold  separation  method — one  to  two 
hours  at  0  C.  in  contact  with  washed  sheep's  corpuscles. 

Indicator. — Two  per  cent,  sheep's  blood  corpuscles  sensitized  with  two 
to  three  minimum  hemolytic  doses  of  immunized  rabbit's  serum  are  used 
as  indicator.  To  each  tube  is  added  0.25  c.c.  of  this  suspension,  repre- 
senting 0.1  c.c.  of  the  usual  5  per  cent,  suspension. 

When  the  test  was  carried  out  according  to  the  plan  that  we  have 
described,  we  were  not  able  to  observe  any  essential  difference  in  the 
results  that  could  be  due  to  differences,  within  the  limits  given  above,  in 
the  degree  of  sensitization  of  the  blood  corpuscles  that  were  used  as  indi- 
cator of  the  reaction.  The  sensitization  should  be  so  adjusted  to  the  com- 
plementary activity  of  the  guinea-pig's  serum  that  not  more  than  0.025 
c.c.  of  that  serum  diluted  1  to  10  will  be  required,  and  that  not  less  than 
0.0125  c.c.  will  be  able  completely  to  hemolyze  1  unit  (0.25  c.c.  of  a  2 
per  cent,  suspension)  of  the  sensitized  blood  cells. 

In  the  practical  performance  and  reading  of  the  Wassermann  test  we 
proceed  as  follows: 

1.  All  the  reagents  entering  into  the  reaction  of  fixation  can  be  most  con- 
veniently diluted  1  to  10  with  physiological  salt  solution.  The  sensitized  sheep's 
blood  suspension  may  be  2  per  cent.  (unit=0.25  c.c.)  or  5  per  cent.  (unit^O.l  c.c). 

2.  Five  different  amounts  of  a  0.2  per  cent,  emulsion  of  ox-heart  lipoids  are 
to  be  combined  with  0.2  c.c.  of  the  patient's  diluted  serum  and  0.1  c.c.  of  the 
diluted  guinea-pig's  serum.  The  five  amounts  of  antigen  are  0.1,  0.05,  0.02,  0.01 
and  0.001.  A  series  of  examinations  with  non-luetic  sera  should  be  made  for  the 
purpose  of  determining  the  lower  limit  of  pseudo-reaction. 

.3.  If  complete  fixation  of  complement  occurs  with  all  of  the  five  quantities  of 
"antigen"  or  with  only  the  smallest  two  or  three  quantities,  we  report  a  "strongly 
positive"  reaction ;  if  with  0.001  c.c.  hemolysis  has  not  been  prevented,  but  fixation 
has  occurred  with  all  the  other  combinations  or  with  the  lesser  one  or  two 
quantities  of  "antigen,"  we  report  a  "positive"  reaction;  if  hemolysis  is  not  pre- 
vented with  0.001  nor  with  0.01  c.c,  but  fixation  occurs  with  any  of  the  other 
amounts  of  the  "antigen,"  we  report  a  "weakly  positive"  reaction. 
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We  have  never  met  with  an  occasion  for  reporting  a  "doubtful" 
reaction. 

We  have  confirmed  the  observations  of  Jacobsthal  and  of  Guggen- 
heimer,  that  with  some  luetic  sera  a  positive  Wassermann  reaction  can 
be  obtained  when  the  "incubation"  for  fixation  is  carried  out  at  ice-box 
temperature,  whereas  the  test  as  usually  performed  results  negatively. 
The  reverse  of  this,  also,  has  been  found,  in  some  instances,  to  be  true. 

In  view  of  these  facts  it  is  necessary  to  perform  each  test  in  duplicate 
series,  one  for  fixation  at  ice-box  temperature,  and  the  other  for  fixation 
at  37  C.  The  period  of  incubation  for  fixation  at  low  temperature  may 
be  twelve  to  eighteen  hours  (conveniently  over  night). 

In  the  table  are  given  examples  of  the  results  that  we  have  obtained 
with  our  technic,  together  with  our  "reading"  of  them. 


Table   Giving    Examples   of   the   Results    of   the    WASsERiiANN    Eeaction 

Obtained  Undeb  Authors'  Technic,  Classified  Accoeding 

TO  Reacting  Stbength  of  the  Seka 

Indicator  0.25  e.c.  of  2  per  cent  sheep's  corpuscles.     In  each  tube  0.02  c.c.  of 
patient's  serum  +  0.01  c.c.  of  guinea-pig's  serum. 

0.2  per  cent.  Emulsion  of  Ox-Heart  Lipoids 


0.1  c.c. 


0.05  c.c. 


0.02  c.c. 


0.01  c.c. 


0.001  c.c. 


+  +  -h  + 
++  +  + 

0 

+  -f-  +  + 
++  +  + 

0 
0 
0 

-f-+-h+ 
++++ 


++++ 

0 

++++ 

0 
0 

++ 

0' 

+++ 


0 
0 

0 
0 

++ 

0 

+ 

0 

-f 


strongly  posi- 
tive reactions. 


++++} 

-\ — I — I — \r  y  Positive  reactions 


^Weakly  posi- 
tive reactions. 


+  -|-  +  -|-  =  complete  hemolysis;    -l--|--i-  ^  very  strong  hemolysis;    +-}-  ^ 
partial  hemolysis;  -j-  =  slight  hemolysis. 


STUDY   OF   THE    CHEMISTEY   OF  EENAL   CALCULI* 
MAX     KAHN,     M.D. 

NEW   YORK 

Kowlands/  iu  his  examination  of  twenty-two  stones,  came  to  the 
following  conclusions :  that  renal  calculi  are  composed  almost  entirely  of 
calcium  oxalate ;  that  uric  acid  is  almost  always  absent,  or  present  in  very 
small  traces;  that  phosphates  are  commonly  present. 

Mackarell,  Moore  and  Thomas,^  following  the  investigations  of  Eow- 
lands,  concluded  that  these  results  have  a  marked  bearing  on  the  calcium 
metabolism  in  gout  and  allied  conditions.  They  examined  twenty-four 
renal  stones  and  they  corroborated  the  findings  of  Eowlands.  They 
recommended  that  when  a  calculus  has  been  obtained  by  operation  or 
otherwise,  it  should  be  analyzed,  and  if  it  is  found  to  be  composed  of 
calcium  salts,  the  patient  should  be  put  on  a  course  of  acid  treatment  and 
not  alkaline  medications,  as  has  been  the  custom. 

I  have  examined  a  series  of  sixteen  stones  from  patients  of  the  Mount 
Sinai  and  various  other  hospitals  in  New  York  City.  The  patients  were 
immigrants  to  the  United  States  from  all  parts  of  Europe,  most  of  them 
from  Eussia  and  Austria.  From  the  histories  of  these  patients,  no  evi- 
dence of  gout  or  a  gouty  diathesis  could  be  obtained.  They  were  all  of 
the  poorer  class,  living  in  the  crowded  tenement  districts  of  N"ew  York, 
and  not  at  all  addicted  to  high  living,  or  to  the  use  of  wines  and  ales. 

The  results  of  Eowlands  and  Moore  are  quite  startling.  Every  text- 
book states  that  calculi  of  uric  acid,  or  of  the  salts  of  uric  acid,  are 
by  far  the  most  frequent.  Osier,  Wood,  Hammarsten,  Halliburton, 
Wells,  Allbutt,  etc.,  invariably  introduce  their  remarks  on  the  chemistry 
of  renal  stones  by  some  statement  that  the  urates  are  the  most  frequent 
components.  The  quantitative  examinations  that  have  been  made  up  to 
now  would  impress  one  with  the  certainty  that  the  chemistry  of  the 
nephroliths  was  an  established  fact,  and  indeed,  when  I  first  read  the 
article  of  Eowlands  and  the  one  by  Mackarell,  Moore  and  Thomas,  I 
doubted  the  general  application  of  their  findings. 


•From  the  laboratory  of  Biological  Chemistry  of  Columbia  University,  at  the 
College  of  Physicians  and  Surgeons,  New  York. 

•Manuscript  accepted  for  publication,  Sept.  11,   1912. 
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It  is  interesting  to  note  the  results  of  previous  examinations. 
Brande,^  in  a  series  of  150  cases,  found  that  sixteen  calculi  were  com- 
posed wholly  of  uric  acid,  while  the  rest  contained  some.  Fourcroy  and 
Vauquelin*  found  lithic  acid  in  the  greater  number  of  500  stones. 
Pearson^  found  this  acid  in  the  majority  of  300  concretions.  Henry 
states  that  of  187  stones,  158  had  uric  acid  nuclei.  Of  545  cases  of 
stone,  Ultzman^  found  that  80.9  per  cent,  contained  a  nucleus  of  uric 
acid,  while  5.6  per  cent,  were  composed  of  calcium  oxalate.  Eecently 
chemical  analyses  have  been  made  by  Morris,  Israel  and  Johnson"  with 
the  unvarying  conclusion  that  urates  predominate  in  their  composition. 

Young,^  in  Osier's  Modern  Medicine,  says :  "Such  methods  of  quanti- 
tative chemical  analysis  of  calculi  as  have  been  used  until  quite  recent 
years  were  so  inexact  that  they  sometimes  furnished  misleading  informa- 
tion." He  continues  to  sa.j,  "The  physical  characteristics  of  calculi  vary 
greatly  and  are  somewhat  indicative  of  their  composition.  On  these 
rather  than  on  chemical  analysis,  have  been  based  many  statements  as 
to  the  nature  of  renal  calculi." 

In  the  series  of  sixteen  cases  that  I  have  analyzed,  no  conclusions 
could  be  drawn  from  the  appearance  and  consistency  of  the  stones  as  to 
their  chemical  composition.  Some,  that  were  quite  soft  and  easily  pul- 
verizable,  were  almost  wholly  composed  of  calcium  oxalate.  Others,  that 
were  white  and  irregular  and  of  excessive  hardness  contained  a  high 
percentage  of  uric  acid.  The  characteristic  "mulberry  stones,"  "stag- 
horn,"  or  coral  calculus,  and  "jack-stone"  calculus  did  not  appear  in 
this  series. 

As  Eowlands  suggested,  the  rate  and  process  of  formation  of  the^ 
stone  have  more  to  do  with  the  hardness  or  softness  of  the  calculus  than' 
its  chemical  composition. 

METHODS  OF  ANALYSIS 

The  methods  of  analysis  followed  were  almost  identical  with  the  one 
suggested  by  Mackarell,  Moore  and  Thomas. 

a.  Physical  Characteristics:  The  size,  shape,  color,  and  consistency  of  the 
stones  were  noted.  The  method  used  to  determine  the  hardness  or  softness  of  the 
stone  was  by  simple  crushing,  noticing  the  force  exerted  in  breaking  up  the  stone. 

b.  The  murexid  test  for  uric  acid  was  performed  on  each  stone,  and  positive 
results  were  obtained  in  all  cases. 

c.  Chemical  Composition :  The  stone  after  being  finely  pulverized,  was  care- 
fully weighed  in  a  drying  flask  (whose  weight  was  previously  found),  and  then 
dried  in  an  oven  for  about  two  hours  at  a  temperature  of  100  to  105  C,  and, 
again  weighed,  the  loss  in  weight  being  taken  as  moisture. 


3.  Brande:  Hooper's  Med.  Die.  1820. 

4.  Fourcroy  and  Vauquelin:  Ann.  d.  chem.,  1805,  Ivi,  258. 

5.  Pearson:  Tr.  Roy.  Philosoph.  Soc,  1798.  xv,  59. 

6.  Ultzman:   Cited  after  Hammarsten's  Physiol.  Chem.,  1908. 

7.  Johnson:    New  York  Med.  Jour.,    1905,   Ixxxvii,   209. 

8.  Young:   Osier's  Modern  Medicine,   1908,  vi,  316. 
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Quantitative  Determination  of  Uric  Add. — A  quantity  varying  according  to  the 
amount  of  the  stone  available,  was  taken  and  accurately  weighed.  This  wis  then 
placed  in  a  porcelain  dish,  treated  with  hydrochloric  acid  (1.4)  and  heated  on  a 
steam  bath  until  as  much  as  possible  had  been  dissolved.  It  was  then  filtered 
through  a  weighed  Gooch  filter,  the  residue  well  washed,  and  then  dried  at  100  C. 
for  from  one  to  two  hours  until  the  weight  was  constant ;  this  weight  was  recorded. 
The  residue  in  the  Gooch,  asbestos  and  all,  was  next  treated  with  strong  sulphuric 
acid.  The  acid  was  then  diluted  and  titrated  with  n/20  potassium  permanganate 
solution,  1  c.c.  of  which  is  equal  to  O.0075  gm.  of  uric  acid.  A  control  was  always 
performed  with  the  sulphuric  acid  and  water  in  order  to  get  an  accurate  result, 
the  amount  of  permanganate  taken  by  the  control  being  deducted  from  the  result 
of  the  former  titration. 

Quantitative  Determination  of  Calcium  Oxalate. — The  filti'ate  obtained  after 
digesting  the  stone  witli  hydrochloric  acid  was  next  mixed  with  the  washings  of 
the  residue,  and  ammonium  chlorid  and  ammonium  hydroxid  added  in  excess.  The 
precipitate  obtained  was  filtered  and  thoroughly  washed  until  free  from  chlorids 
(the  washings  being  tested  with  silver  nitrate).  The  filtrate  and  the  washings 
were  boiled  and  ammonium  oxalate  added  until  precipitation  was  complete.  The 
precipitate  was  allowed  to  stand  twenty-four  hours  until  it  had  completely  settled. 
The  liquid  was  filtered  off,  and  the  precipitate  washed  by  decantation  until  free 
from  chlorids,  which  would  otherwise  interfere  with  the  permanganate  titration. 
The  precipitate  was  washed  from  the  filter  paper  into  a  beaker,  first  by  means 
of  hot  water  and  then  with  10  per  cent,  sulphuric  acid  and  finally  all  the  acid 
was  washed  into  the  fiask  by  means  of  hot  water.  The  whole  was  then  mixed, 
cooled  and  made  up  to  1,000  c.c.  Of  this  50  c.c.  were  pipetted  off,  and  titrated 
at  a  temperature  of  65  C.  with  n/20  potassium  permanganate  solution,  1  c.c.  of 
which  is  equivalent  to  0.0019  gm.  of  calcium,  or  0.00608  gm.  of  calcium  oxalate. 

Quantitative  Estimation  of  Total  Nitrogen. — Another  portion  of  the  stone  was 
then  weighed  out,  and  placed  in  a  Kjeldahl  flask,  and  the  total  nitrogen  determined 
\)j  the  Kjeldahl  process. 

Quantitative  Estimation  of  Phosphates. — Phosphates  were  estimated  as  phos- 
phorus pentoxid  by  the  following  method :  A  portion  of  the  powdered  stone  having 
been  weighed,  was  put  into  a  Kjeldahl  flask  and  20  c.c.  of  a  mixture  of  equal 
parts  of  concenti-ated  sulphuric  acid  and  concentrated  nitric  acid  were  added.  The 
Kjeldahl  fiask  and  contents  were  then  heated  until  colorless.  This  usually  took 
thirty-five  minutes.  Five  drops  of  fuming  nitric  acid  were  then  added  and  it  was 
again  heated  until  colorless.  The  contents  of  the  Kjeldahl  flask  were  cooled  and 
then  diluted  with  water.  It  was  next  neutralized  with  ammonium  hydroxid  and 
then  reacidified  with  concentrated  nitric  acid.  The  mixture  was  then  put  into  a 
beaker  and  to  this  were  added  50  c.c.  of  a  60  per  cent,  solution  of  ammonium 
nitrate,  and  25  c.c.  of  a  10  per  cent,  solution  of  ammonium  molybdate.  This  was 
allowed  to  stand  12  to  24  hours  at  60  C.  and  was  then  filtered.  The  precipitate 
was  dissolved  in  ammonium  hydroxid,  and  10  c.c.  of  concentrated  hydrochloric  acid 
were  added.  To  this  were  added  25  c.c.  of  magnesia  mixture.  After  standing 
fifteen  minutes  an  excess  of  ammonium  hydroxid  was  poured  in  and  the  mixture 
allowed  to  stand  for  twenty-four  hours.  The  precipitate  was  filtered  on  a  weighed 
•Gooch  filter,  burnt,  and  from  the  weight  of  the  pyrophosphate  of  magnesium  the 
weight  of  phosphorus  pentoxid  was  estimated. 

Most  of  the  stones  examined  were  mainh^  composed  of  calcium  oxa- 
late. The  percentage  of  calcium  oxalate  varied  from  29.5  per  cent,  to  94.7 
per  cent.  The  physical  appearance  and  the  consistency  of  the  stone  were 
not  at  all  indicative  of  its  chemical  constituents.  The  one  which  was 
94.7  per  cent,  oxalate  was  a  ureteral  stone,  brown  in  color,  very  irregular 
in  shape,  very  soft  and  brittle.  The  stone  which  contained  29.5  per  cent, 
oxalate  was  very   hard,  dark  brown   in   color,  spheroidal,  with  many 
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irregular  projections — the  only  stone  that  could  be  called  "mulberry"-like 
— and  it  contained  7.46  per  cent,  uric  acid  and  56.2  per  cent,  phosphorus 
pentoxid. 

All  the  stones  gave  the  murexid  test^  so  that  either  uric  acid  or  its 
salts  were  present  in  each  case.  The  statement  made  by  Eowlands,  and 
later  by  Mackarell,  Moore  and  Thomas,  that  uric  acid  is  usually  absent 
in  urinary  calculi  must,  therefore,  be  modified.  Though  it  is  present 
ordinarily  in  very  small  amount,  still  its  presence  must  be  recognized. 
The  amount  of  uric  acid  found,  ranged  from  40.6  per  cent,  to  0.2  per 
cent.  Nevertheless,  the  amount  of  uric  acid  usually  present  is  negligible 
as  compared  with  the  calcium  oxalate.  The  urate  stone,  so  graphically 
depicted  in  the  text-books,  is  a  very  rare  occurrence  in  the  quantitative 
laboratory.  The  total  nitrogen  determination,  when  calculated  as  uric 
acid,  rarely  exceeded  the  amount  of  this  acid  estimated  according  to  the 
method  used  by  Moore. 

Phosphates  were  found  in  nearly  all  the  calculi,  and  in  some  stones 
the  percentage  of  the  phosphates  was  very  high.  No  carbonates  were 
found.  This  quite  agrees  with  Eowlands,  who  found  phosphates  in  traces 
in  nearly  all  the  stones  and  carbonate  in  only  two  out  of  a  series  of 
twenty-two  examinations. 

One  of  the  conclusions  that  Mackarell,  Moore  and  Thomas  draw  from 
the  fact  that  they  did  not  find  uric  acid  in  renal  calculi  is,  that  gout  may 
be  a  disease  due  to  deficient  calcium  metabolism,  and  that  it  is  rather 
this  deficiency  than  the  disturbance  in  the  uric  acid  output  that  has  to 
be  treated.  This  assumption  is  not  warranted.  Renal  calculus  is  not 
always,  nor  even  usually,  due  to  gout.  The  fact  that  gouty  patients  some- 
times suffer  from  gravel  cannot  be  brought  forward  as  an  argument  that 
whatever  is  the  metabolic  derangement  in  lithiasis  is  also  the  causative 
factor  of  podagra.  Sir  William  Roberts^  states  that  the  impression  that 
gouty  individuals  invariably  suffer  from  calculus  disease  and  the  impres- 
sion that  patients  who  suffer  from  nephrolithiasis  are  also  afflicted  with 
gout,  are  erroneous.  In  certain  portions  of  India,  gravel  in  the  urine  and 
stone  in  the  kidney  are  very  common  complaints  and  still  gout,  or  the 
gouty  diathesis,  is  unknown.  In  Norfolk^**  calculus  disease  is  very  com- 
mon, while  podagra  is  rare.  The  reverse  is  the  case  in  other  portions  of 
England.  As  Fagge"  asserts,  there  are  certain  districts  where  travelers 
(not  at  all  gouty)  acquire  lithiasis,  and  are  cured  only  on  removal  from 
the  territory. 


9.  Roberts:   Allbutt's  System  of  Medicine. 

10,  Yalloly:  Tr.  Roy.  Philosoph.  Soc,  1839,  Ixxxix,  149. 

11.  Fagge:  Cited  from  Osier's  Modern  Medicine. 
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DETAILS    OF   ANALYSES    OF   THE    SIXTEEN    CALCULI 

The  subjoined  tables  record  the  results  obtained.  A  brief  summary  of  the  history 
of  each  patient  (when  a  history  could  be  obtained)  and  a  macroscopic  description 
of  each  calculus  are  also  given. 

Calculus  1. — Gross  Appearance. — The  stone  was  in  two  portions.  Each  one 
was  irregularly  semilunar,  very  hard,  white  and  smooth.  The  stone  weighed 
12.0446  gm. 

Chemical  Examination. — In  0.942  gm.  of  the  powdered  stone  there  were  0.3532 
gm.  calcium  oxalate  or  37.4  per  cent,  and  0.034  gm.  uric  acid  or  3.59  per  cent.  It 
contained  51.59  per  cent,  phosphorus  pentoxid — 0.7569  gm.  of  the  stone  gave  0.3898 
gm.  of  phosphorus  pentoxid. 

Calculus  2. — History. — Patient  C.  I.  of  Mount  Sinai  Hospital.  Stone  given 
to  me  by  Dr.  Morris  H.  Kahn.  Ureteral  stone.  Patient  had  characteristic  renal 
colics  and  was  operated  on  by  Dr.  Brettauer.     She  is  Russian  by  birth. 

Gross  Appearance. — Small,  irregular  stone,  very  brittle  and  soft,  brown  in 
color. 

Chemical  Examination. — The  stone  weighed  0.5114  gm.,  of  which  0.0210  was 
moisture,  so  that  the  dried  stone  weighed  0.4904  gm.  The  moisture  was  4.1  per 
cent.  From  0.1399  gm.  of  the  stone,  0.13254  gm.  calcium  oxalate  was  obtained 
or  94.7  per  cent.,  and  0.003075  gm.  uric  acid  or  2.1  per  cent.  The  yield  of  phos- 
phorus pentoxid  from  0.1174  gm.  was  0.0061  gm.  or  5.3  per  cent. 

Calculus  3. — History. — Stone  was  given  to  me  by  Dr.  M.  H.  Kahn.  Patient 
was  in  the  Mount  Sinai  Hospital.  Suffered  from  an  attack  of  pain  and  hematuria. 
Xo  history  of  gout.     Stone  was  removed  by  nephrotomy. 

Gross  Appearance. — A  very  hard  stone  with  spinous  processes.  It  was  dark 
brown  in  color  and  irregularly  spheroidal. 

Chemical  Examination. — The  stone  weighed  13.982  gm.,  and  when  dry  it 
weighed  13.6805  gm.,  the  moisture  being  2.1  per  cent.  The  yield  of  calcium  oxalate 
from  1.015  gm.  was  0.2988  gm.  or  29.5  per  cent.  From  the  same  stone  portion 
0.07575  gm.  uric  acid,  or  7.46  per  cent.,  were  obtained.  The  phosphates  were  in 
excess;  1.3971  gm.  of  the  stone  gave  0.78212  gm.  phosphorus  pentoxid,  or  56.2 
per  cent. 

Calculus  4. — Clinical  history  unknown.  Patient,  L.  M. ;  Jewish ;  of  the  poorer 
class;  immigrant  to  the  United  States.     Stone  given  to  me  by  Dr.  M.  H.  Kahn. 

Cross  Appearance. — The  stone  was  triangular  in  shape,  smooth,  hard,  grayish 
in  color,  and  regular  in  form. 

Chemical  Examination. — The  stone  weighed  when  dry  0.5940  gm.,  having  lost 
weight  in  drying,  0.0069  gm.  The  moisture  was  therefore  1.08  per  cent.  In 
0.2340  gm.  of  the  stone  there  were  found  63.4  per  cent,  calcium  oxalate  and  40.06 
per  cent,  uric  acid.  In  0.1256  gm.  of  the  stone  7.3  per  cent,  phosphorus  pentoxid 
was  found. 

Calculus  5. — History. — Patient,  A.  S.,  male,  of  Mount  Sinai  Hospital.  Long 
history  of  pain,  hematuria,  pyuria,  and  finally  sepsis.  Nephrectomy  performed  on 
the  patient  for  renal  calculus.    Stone  given  to  me  by  Dr.  M.  H.  Kahn. 

Gross  Appearance. — The  stone  was  broken  into  several  pieces.  It  was  smooth 
and  irregularly  faceted,  and  whitish  yellow  in  color.  Its  consistency  was  very 
hard. 

Chemical  Examination. — The  stone  weighed,  when  dry,  14.9483  gm.,  having  lost 
0.0477  gm.  as  moisture,  or  0.23  per  cent.  The  stone  was  almost  wholly  composed 
of  calcium  oxalate — 94.1  per  cent.  Uric  acid  was  0.2  per  cent,  and  phosphorus 
pentoxid  was  6.1  per  cent. 

Calculus  6. — History. — This  stone  was  from  the  other  kidney  of  the  same 
patient,  A.  S.   (Case  5).     A  nephrotomy  was  performed  for  this  stone. 


MAX     KAHN  97 

Gross  Appearance. — The  stone  was  quite  small,  smooth  and  firm  and  yellowish- 
white  in  color. 

Chemical  Examination. — The  stone  weighed  2.4505  gm.  Moisture  was  3.2  per 
cent.  It  is  interesting  to  note  that  this  stone,  removed  from  the  same  patient 
as  Calculus  5,  contained  72.3  per  cent,  calcium  oxalate  and  23.6  per  cent,  uric  acid. 
This  is  a  remarkable  fact,  if  a  diathetic  derangement  is  to  be  taken  as  the  etio- 
logical factor  of  renal  stones.  Phosphorus  pentoxid  was  present  to  the  extent  of 
4.3  per  cent. 

Calculus  7. — No  history  of  the  patient. 

Gross  Appearance. — The  stone  was  smooth,  round  and  hard.  It  was  flat  and 
yellow. 

Chemical  Examination. — The  stone  weighed,  when  dry,  6.0971  gm.  Moisture 
was  1.3  per  cent.  In  0.4163  gm.  of  the  stone,  there  were  0.385  gm.  of  calcium 
oxalate  or  90.5  per  cent,  and  0.0374  gm.  uric  acid  or  9.01  per  cent.  Phosphorus 
pentoxid  gave  a  yield  of  0.5  per  cent. 

Calculus  8. — No  history  of  the  patient. 

Gross  Appearance. — Smooth, 'white,  hard  stone. 

Chemical  Examination. — The  stone  weighed  4.0349  gm.  Its  moisture  was  0.04 
per  cent.  In  0.5914  gm.  of  the  stone,  there  were  found  91.7  per  cent,  calcium 
oxalate,  and  1.01  per  cent,  uric  acid.  Phosphorus  pentoxid  was  found  to  be  6.4 
per  cent. 

Calculus  9. — Stone  given  to  me  by  Dr.  J.  Rosenbloom.  No  history  of  the 
patient. 

Gross  Appearance. — The  stone  was  very  hard  and  very  irregular.  It  was  yel- 
lowish-white in  color. 

Chemical  Examination. — The  stone  weighed  5.7725  gm.  and  the  moisture  was 
0.1324  gm.  or  0.02  per  cent.  From  0.9133  gm.  of  the  stone  were  obtained  0.86023 
gm.  of  calcium  oxalate  or  94.2  per  cent,  and  0.0164  gm.  uric  acid  or  1.8  per  cent. 
The  yield  of  phosphorus  pentoxid  was  0.01281  gm.  from  0.2784  gm.  of  the  stone, 
or  4.6  per  cent. 

Calculus  10. — Patient  S.  S.  of  Movmt  Sinai  Hospital.  Stone  given  to  me  by 
Dr.  M.  H.  Kahn. 

Gross  Appearance. — A  large  white  stone.  It  was  very  hard  so  that  pounding 
had  to  be  exerted  in  order  to  crush  it.  It  was  very  rough  and  very  irregular. 
It  was  composed  of  three  pieces. 

Chemical  Examination. — The  stone  weighed  15.9125  gm.  In  0.3136  gm.  of  the 
stone,  there  were  found  0.2314  gm.  of  calcium  oxalate,  or  73.8  per  cent,  and  0.0235 
gm.  uric  acid  or  7.5  per  cent.  The  yield  of  phosphorus  pentoxid  was  20.1  per  cent., 
i.  e.,  0.4182  gm.  of  the  stone  gave  0.08405  gm.  of  the  pentoxid. 

Calculus   11. — History. — No  history  of  patient. 

Gross  Appearance. — Large  white  stone;  very  hard,  so  that  much  pounding 
had  to  be  exerted  in  order  to  crush  it.  It  was  very  rough  and  very  irregular.  It 
was  composed  of  three  pieces. 

Chemical  Examination. — The  stone  weighed  15.9125  gm.  In  0.3136  gm.  of  the 
stone,  there  were  found  0.2314  gm.  of  calcium  oxalate,  or  73.8  per  cent.,  and  0.0235 
gm.  uric  acid,  or  7.5  per  cent.  The  yield  of  phosphorus  pentoxid  was  20.1  per 
cent.,  i.  e.,  0.4182  gm.  gave  0.08405  gm.  of  the  pentoxid. 

Calculus  12. — History. — Patient  was  in  the  Mount  Sinai  Hospital.  Was  an 
immigrant  to  New  York.  History  of  renal  calculus  symptoms.  Stone  given  to  me 
by  Dr.  M.  H.  Kahn. 

Gross  Appearance. — The  stone  was  brown,  light,  soft,  smooth,  and  regular  and 
oval  in  shape. 

Chemical  Examination. — The  stone  weighed  0.9329  gm.  Moisture  was  0.0041 
gm.     In  0.2179  gm.  of  the  stone  there  were  found  0.17519  gm.  calcium  oxalate — 
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80.4  per  cent. — and  0.0224  gm.  of  uric  acid  or  10.3  per  cent.    In  0.1745  gru.  of  the 
stone  there  were  0.01137  gm.  of  phosphorus  pentoxid  or  6.5  per  cent. 

CALCULrs  13. — History. — A  ureteral  stone,  given  to  me  by  Dr.  M.  li.  Kahn. 
It  was  removed  by  nephrotomy. 

Gross  Appearance. — The  stone  was  in  three  small  portions.  It  was  a  very 
smooth,  dark,  round  calculus,  of  excessive  hardness. 

Chemical  Examination. — The  stone  weighed  0.1612  gm.  of  which  there  were 
91.3  per  cent,  calcium  oxalate,  2.46  per  cent,  uric  acid,  and  5.23  per  cent,  phos- 
phorus pentoxid. 

Calculus  14. — No  history  of  the  patient.  The  stone  was  given  to  me  bv  Dr. 
M.  H.  Kahn. 

Gross  Appearance. — The  whole  stone  was  rounded,  irregular,  with  spinous  pro- 
jections of  the  size  of  a  walnut.  The  portion  examined  was  as  white  as  chalk, 
brittle  in  general,  though  firm  in  areas,  and  very  irregular. 

Chemical  Examination. — The  whole  stone  was  not  weighed.  The  portion  an- 
alyzed weighed  1.6064  gm.  of  which  0.0016  gm.  was  moisture.  From  0.2467  gm. 
of  the  powdered  stone,  there  were  obtained  0.17318  gm.  calcium  oxalate,  or  70.2 
per  cent.,  and  0.0298  gm.  uric  acid  or  12.1  per  cent.  Phosphorus  pentoxid  was 
present  to  the  extent  of  16.9  per  cent. 

Calculus  15. — History. — Eenal  stone  removed  post  mortem  from  kidney  by 
Dr.  J.  Rosenbloom.     No  clinical  history  of  patient. 

Gross  Appearance. — The  calculus  was  very  dark  brown,  broken  in  several  places 
and  shaped  liKe  the  pelvis  of  the  kidney.    It  was  very  hard  and  very  jagged. 

Chemical  Evamination. — The  stone  weighed  12.3471  gm.,  of  which  there  was 
0.3  per  cent,  moisture.  The  portions  examined  gave  a  yield  of  90.37  per  cent, 
calcium  oxalate,  3.4  per  uric  acid,  and  6.21  per  cent,  phosphorus  pentoxid. 

Calculus  16. — No  history  of  the  patient.  Stone  given  to  me  by  Dr.  Eosen- 
bloom. 

Gross  Appearance. — Grayish-white  brittle  stone,  rounded,  with  some  projec- 
tions.    It  crumbled  very  easily  on  the  slightest  pressure. 

Chemical  Examination. — The  stone  weighed  9.7621  gm.  Its  moisture  was  3.1 
per  cent.  The  yield  of  calcium  oxalate  from  0.2317  gm.  of  the  stone  was  0.2114 
gm.,  or  91.3  per  cent.  The  yield  of  uric  acid  from  the  same  stone  portion  was 
0.0156  gm.  or  7.2  per  cent.    The  phosphorus  pentoxid  was  2.1  per  cent. 

Table  of  Peecentage  Composition  of  the  Calculi 


Number 

Weight 

Moisture, 

Ca  Oxalate. 

,  Phosphorus 

Uric 

Total 

Per  cent. 

Per  cent. 

Pentoxid, 
Per  cent. 

Acid, 
Per  cent. 

Nitrogen, 
Per  cent. 

I   ... 

.    12.0446 

6.11 

37.4 

51.59 

3.59 

0.91 

II   ... 

.      0.5114 

4.1 

94.7 

5.3 

2.1 

1.2 

Ill    . .  . 

.    13.982 

2.1 

29.5 

56.2 

7.46 

4.2 

IV    ... 

.      0.6009 

1.08 

63.4 

7.0 

40.06 

27.3 

V    ... 

.    14.998 

0.23 

94.1 

6.1 

0.2 

1.3 

VI    ... 

.      2.4505 

3.2 

72.3 

4.3 

23.6 

12.9 

VII    ... 

.      6.175 

1.3 

90.5 

9.01 

0.5 

4.21 

VIII    ... 

.      4.0349 

0.04 

91.7 

6.4 

1.01 

0.76 

IX    ... 

.      5.7725 

0.02 

94.2 

4.6 

1.8 

1.02 

X    ... 

.      2.8.904 

0.15 

81.6 

9.5 

9.3 

3.72 

XI    ... 

.    15.9125 

0.4 

73.8 

20.1 

7.5 

3.1 

XII    ... 

.      0.9329 

0.43 

80.4 

6.5 

10.3 

4.62 

XIII    ... 

.      0.1612 

0.05 

91.3 

5.23 

2.46 

1.09 

XIV    .... 

1.6064 

0.099 

70.2 

16.9 

12.1 

4.3 

XV    .... 

12.3471 

0.3 

90.37 

6.21 

3.4 

2.58 

XVI    .... 

9.7621 

3.1 

91.3 

2.1 

7.2 

5.81 
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In  the  paper  by  Mackarell,  Moore  and  Thomas,  the  authors  suggest 
that  gouty  tophi  may  be  composed  almost  entirely  of  calcium  oxalate,  in 
spite  of  the  prevailing  idea  that  they  are  composed  of  the  salts  of  uric 
acid.  They  had  no  material  on  hand  and  their  suggestion  was  purely 
hypothetical.  I  have  been  able  to  investigate  the  composition  of  three 
tophi — two  from  the  lobules  of  the  ear  and  one  from  a  gouty  concretion 
in  a  joint.  The  concretions,  however,  were  in  such  small  amounts  that 
no  quantitative  examination  could  be  made.  I,  therefore,  did  only  the 
murexid  test,  and  it  gave  a  negative  result  in  each  of  the  three  cases. 
H.  Matthes  and  E.  Ackerman^-  lately  examined  a  very  large  gouty  deposit 
and  found  that  it  contained  46.7  per  cent,  moisture  and  41.7  per  cent, 
dry  substance,  of  which  ther6  was  76.72  per  cent,  sodium  urate.  This 
examination  would  quite  agree  with  the  findings  of  Wollaston,  who  was 
the  first  to  state  that  gouty  tophi  are  mainly  composed  of  sodium  and 
ammonium  biurate,  instead  of  calcium  carbonate  as  was  generally  believed 
in  his  day. 

CONCLUSIONS 

1.  The  large  majority  of  renal  stones  are  composed  of  the  oxalate  of 
lime;  sometimes  the  calcium  salt  is  the  only  component  of  the  stone. 

2.  Uric  acid  and  the  urates  are  found  in  small  quantities  in  all  renal 
calculi,  but  it  is  rare  to  find  a  nephric  stone  composed  mainly  of  uric 
acid  or  the  urates. 

3.  The  shape,  color,  consistency,  etc.,  of  a  stone  do  not  constitute 
criteria  of  its  chemical  composition. 

4.  Gouty  tophi  are  not  always  composed  of  uric  acid  or  the  urates. 
In  three  concretions  examined,  a  negative  murexid  test  was  invariably 
obtained. 

These  investigations  were  conducted  in  the  laboratories  of  Prof.  William  J. 
Gies,  to  whom  I  beg  to  express  my  sincere  thanks  for  his  kind  aid  and  sugges- 
tions throughout  the  undertaking.  I  am  greatly  indebted  to  Dr.  Jacob  Rosen- 
bloom  and  Dr.  Morris  H.  Kahn  for  their  kind  cooperation  in  procuring  material 
for  the  chemical  examinations. 

437  West  Fifty-Ninth  Street. 


12.  Matthes,  H.,  and  Aokerman,  E. :  Chemisches  Zentralbl.,  1909,  Ixxx,  1496. 


CAUSES    OF   VAEIATION   IN    THE   PLATELET 
COUNT  * 

EXPERIMENTAL    RESULTS    SHOWING    THE    EFFECT    OF    DIPHTHERIA    TOXIN, 

BENZOL    AND    TUBERCULIN    ON    THE    PLATELET 

COUNT  IN  RABBITS 

williajvi  w.  duke,  M.D. 

KANSAS   CITY,  MO. 

Prior  to  the  introduction  of  the  Wright  and  Kinnicutt  method,^  the 
technic  for  counting  blood-platelets  was  either  so  laborious  or  so  inexact 
that  very  little  interest  was  taken  in  the  subject  by  clinicians,  and  very 
few  results  were  reported.  The  results  reported  have  been  at  variance. 
Investigators  have  not  agreed  on  the  platelet  count  in  health,  nor  on  the 
changes  which  occur  as  a  result  of  disease.  The  divergent  opinions 
regarding  the  normal  count  are  due  evidently  not  only  to  the  use  of 
different  counting  methods,  but  also  to  a  lack  of  unity  regarding  the 
identity  of  platelets.  Differences  of  opinion  respecting  the  pathologic 
changes  in  the  count  are  largely  due,  as  I  shall  endeavor  to  point  out, 
to  the  fact  that  the  count  may  be  enormously  increased  or  decreased  by 
the  action  of  the  same  agents.  It  would  appear  that  in  some  diseases 
very  high  and  very  low  counts  have  the  same  cause  and  almost  the  same 
significance. 

The  normal  platelet  count  was  found  between  the  limits  of  about 
150,000  and  250,000  by  Fusari,  Muir,  Determann  and  Helber;  between 
the  limits  of  about  200,000  and  325,000  by  Hayem,  Afanassieu,  Van 
Emden  and  Wright  and  Kinnicutt;  between  266,000  and  469,000  by 
Pratt;  at  an  average  of  500,000  by  Pruss;  at  an  average  of  635,300  by 
Brodie  and  Eussell,  and  between  730,000  and  961,500  by  Kemp  and 
Calhoun.  It  is  evident  that  the  last  four  or  five  observers  included  bodies  ^ 
in  their  counts  which  the  former  did  not  think  were  platelets.  A  critical 
review  of  methods  for  counting  platelets  has  been  made  by  Pratt^  and 
Wright  and  Kinnicutt,^  etc.     The  results  of  a  series  of  counts  made 


*Note. — Results  reported  in  brief  before  the  Johns  Hopkins  Medical  Society, 
Feb.  19,  1912. 

*Froni  the  Medical  Clinic  of  Professor  v.  Romberg,  Tubingen,  Wiirtemberg. 
The  author  desires  to  express  his  thanks  to  Professor  Von  Romberg  in  whose 
wards  and  laboratories  this  work  was  completed. 

1.  Pratt,  J.  H.:  A  Critical  Study  of  the  Various  Methods  Employed  for 
Enumerating  Blood-Platelets.     Jour.  Am.  Med.  Assn.,  Dec.  30,  1905. 

2.  Wright,  J.  H.  and  Kinnicutt,  Roger:  A  New  Method  of  Counting  Blood- 
Platelets  for  Clinical  Purposes.     Jour.  Am.  Med.  Assn.,  Ivi,  1457. 
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according  to  Wright  and  Kinnicutt's  method  by  me  on  four  normal 
individuals  during  a  period  of  fourteen  days,  did  not  differ  materially 
from  those  of  Wright  and  Kinnicutt.  The  lowest  count  was  196,000,  the 
highest  400,000,  the  average  262,000.  The  counts  are  given  in  detail 
in  Table  9. 

Pathologic  variation  in  the  platelet  count  has  been  attributed  to 
various  factors,  particularly  to  blood  regeneration,  fever  and  malnutrition. 
The  most  constant  findings  have  been:  1.  A  reduced  count  during  the 
febrile  period  of  acute  diseases  and  an  increased  count  during  convales- 
cence. This  change  in  the  count  was  first  observed  by  Hayem  and  was 
called  by  him  a  "hematoblastic  crisis."  It  has  been  noted  particularly 
in  pneumonia,  typhoid  fever  and  malaria.  2.  An  increased  count  in 
chronic  secondary  anemia  and  in  splenomyelogenous  leukemia,  and  a 
reduced  count  in  pernicious  anemia  and  lymphocytic  leukemia.  3.  An 
increased  count  in  chronic  diseases,  particularly  tuberculosis.  4.  A 
reduced  count  in  purpura  hemorrhagica.  For  a  review  of  the  literature  on 
the  subject  the  reader  is  referred  to  papers  by  Determann,^  Helber,* 
Wright  and  Kinnicutt,^  W.  W.  Duke,^  etc. 

My  work  was  undertaken  mainly  for  the  purpose  of  discovering,  if 
possible,  some  of  the  factors  which  give  rise  to  variation  in  the  platelet 
count.  The  subject  was  studied  both  clinically  and  experimentally. 
Interesting  changes  in  the  platelet  count  were  observed  in  diphtheria, 
tuberculosis  and  nephritis.  L.  Selling^  had  previously  observed  marked 
changes  in  the  count  in  benzol  poisoning.  To  throw  light  on  the  findings 
in  humans,  animals  were  treated  with  varying  quantities  of  diphtheria 
toxin,  tuberculin  and  benzol  and  the  effect  of  these  substances  on  the 
platelet  count  noted. 

METHODS 

Eabbits  were  the  animals  used.  It  was  observed  in  experiments  car- 
ried out  by  me  in  the  Hunterian  Laboratory  of  Experimental  Pathology 
that  rabbits  were  better  adapted  to  the  study  of  blood-platelets  than  dogs. 
The  changes  in  the  count  are  more  rapid  and  extreme,  the  bone-marrow 
is  free  from  spicules  of  bone,  and  is,  therefore,  easier  to  mount  for 


3.  Determann:  Klinische  Untersuchungen  iiber  Blutplattchen.  Arch.  f.  klin. 
Med.,  1898,  p.  365. 

4.  Helber,  E.:  Ueber  die  Zahlung  der  Blutplattchen  im  Blute  des  Mensehen 
und  ihr  Verhalten  bei  pathologischen  Zustanden.  Deutsch.  Arch.  f.  klin.  Med., 
1904,  xxxi,  316. 

5.  Duke,  W.  W. :  The  Pathogenesis  of  Purpura  Hemorrhagica.  The  Aechives 
Int.  Med.,  1912.  Not  yet  published. 

6.  Selling,  L. :  A  Preliminary  Report  of  Some  Cases  of  Purpura  Hemorrhagica 
Due  to  Benzol  Poisoning.  Bull.  Johns  Hopkins  Hosp.,  1910,  xxi,  No.  227;  Benzol 
als  Leukotoxin  (Studien  iiber  die  Degeneration  und  Regeneration  des  Blutes  und 
der  hematopoetischen  Organe).  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.    1911,  li,  576. 
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microscopic  study,  and  rabbits  show  fewer  ill  effects  following  the  admin- 
istration of  benzol  than  dogs. 

The  platelet  counts  were  made  by  "Wright  and  Kinnicutt's  method/ 
with  precautions  mentioned  by  me''  in  a  previous  paper.  Platelets  in 
rabbits  vary  greatly  in  size,  especially  under  the  influence  of  diphtheria 
toxin  and  benzol.  Sometimes  the  majority  are  as  large  as  human  plate- 
lets, sometimes  almost  as  small  as  bacteria.  Great  care  in  the  technic  had 
to  be  used  before  constant  results  were  obtained.  Points  to  which  especial 
attention  was  paid  were  scrupulous  cleanliness;  careful  balancing  of  the 
proportions  of  cresyl  blue  and  potassium  cyanid  used  in  the  diluting  fluid 
so  as  to  give  the  platelets  a  lead  blue  color  and  avoid  the  precipitation  of 
stain ;  and  the  collection  of  blood  for  the  counts  from  hemorrhage  which 
flowed  freely  from  fresh  cuts  in  the  ear  veins. 

To  those  who  wish  to  familiarize  themselves  with  the  appearance  of 
platelets  the  following  procedure  is  suggested :  Allow  blood  to  flow  freely 
across  a  clean  glass  slide  for  about  three  minutes.  Wash  away  the  excess 
of  blood  with  Wright  and  Kinnicutt's  diluting  fluid  or  a  decalcifying 
solution.  Cover  with  a  cover-glass.  Examine  with  a  high  dry  or  oil 
immersion  lens.    Such  a  preparation  contains  myriads  of  platelets. 

The  platelet  count  determined  by  me  once  in  eighteen  normal  rabbits 
fell  between  380,000  and  1,200,000.  The  average  was  757,000.  Some 
normal  rabbits  have  high  counts,  others  have  low  ones.  Change  in  environ- 
ment is  occasionally  followed  by  a  change  in  the  count,  which  may 
amount  to  as  much  as  50  per  cent,  of  the  original  count.  For  this  reason 
the  animals  used  in  my  experiments  were  kept  under  constant  conditions 
for  a  few  days  before  observations  were  started.  Fluctuations  were  then 
not  great  enough  to  interfere  with  the  value  of  the  experimental  results. 

THE   EFFECT   OF   DIPHTHERIA   TOXIN^    ON    THE   PLATELET    COUNT 

Series  1. — In  Table  1  are  recorded  results  showing  the  effect  on  the  platelet 
count  of  doses  of  diphtheria  toxin  which  caused  death  in  rabbits  in  three  to  four 
days.  In  this  series  of  experiments,  two  doses  of  diphtheria  toxin  (0.04  gm.  in 
2  c.c.  of  sterile  salt  solution)  were  given  subcutaneously  to  three  medium-sized 
rabbits  on  two  successive  days.  On  the  day  following  the  second  dose  the  animals 
were  very  quiet  and  sick.  The  ears  were  cold  and  the  ear  vessels  so  constricted 
that  blood  for  the  platelet  count  was  obtained  with  difficulty.  On  the  third  or 
fourth  days  after  the  first  injection  the  animals  died. 

Autopsies:  The  renal  epithelium  was  degenerated  in  high  degree.  The  bone- 
marrow  was  red  and  soft.  The  marrow  cells  had  a  pathologic  appearance.  The 
nuclei  of  a  majority  of  the  megakaryocytes  were  vacuolated  or  pyknotic. 

7.  Duke,  W.  W.:  The  Rate  of  Regeneration  of  Blood-Platelets.  Jour.  Exper. 
Med.,  1911,  xiv,  No.  3,  p.  265. 

8.  The  diphtheria  toxin  used  in  these  experiments  was  prepared  and  given 
to  me  by  the  Hoechst  Farbwerk.     For  this  I  desire  to  express  my  thanks. 
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Table  1. 


-The  Effect  of  Large  Doses  of  Diphtheria  Toxin  ox  the 
Platelet  Count 


Experiment  No 24 

Weight  of  Rabbit.  .  .   2.5  Kg. 
Dose  of 
Date         Toxin, 
Gm. 
July— 
28 

29  0.04 

30  0.04 
31 

Aug.— 
1 


25 
2.5  Kg. 

Platelet  Counts 


26 
2.5   Kg. 


Remarks 


920,000 
970,000 
600,000 
200,000 


810,000 
700.000 
960,000 
335,000 


1,200,000 
860,000 

1,250,000 
275,000 


Animals  lively. 
Animals  sick. 


Found   dead.Found   dead.       390,000      Exp.  26.  Leuko.,  20,000. 
Found   dead 


Series  II. — In  Table  2  are  recorded  results  showing  the  effect  on  the  platelet 
count  of  fatal  doses  of  diphtheria  toxin  but  smaller  doses  than  those  used  in  the 
previous  series.  One  dose  of  diphtheria  toxin  (0.02  gm.  in  1  c.c.  of  sterile  salt 
solution)  was  given  subcutaneously  to  three  very  large  rabbits.  The  animals 
were  rather  quiet  after  the  third  day  following  the  inoculation  but  did  not  appear 
very  ill.     In  each  case  death  occurred  rather  unexpectedly. 

The  bone-marrow  changes  found  in  these  animals  at  autopsy  were  not  so  marked 
as  in  the  animals  of  the  previous  series.  The  marrow  was  firm  and  pink.  The 
cells  were  less  pathologic  in  appearance. 


Table  2. 


-The  Effect  of  Fatal  But  Smaller  Doses  of  Diphtheria  Toxin 
On  the  Platelet  Count 


Experiment  No 27 


Weight  of  Rabbit. 
Dose  of 


4  Kg. 


Date 


Toxin, 
Gm. 


28 
4  Kg. 

Platelet  Counts 


29 
3  Kg. 


Remarks 


June- 
2 
3 
4 
5 
6 
7 
8 
9 
10 


0.02 


400.000 
310,000 

640.000 

640,000 

1,400.000 

1,040,000 

Found    dead. 


830.000 
660,000 


640,000 
600,000 
690,000 


Found    dead.      440,000 

480,000 

Found    dead. 


Animals 
Animals 
Animals 
Animals 
Animals 


lively, 
quiet, 
quiet, 
quiet, 
quiet. 


Series  III. — In  Table  3  are  recorded  results  showing  the  effect  of  sublethal 
doses  of  diphtheria  toxin  on  the  platelet  count.  Three  small  doses  of  diphtheria 
toxin  (0.0012  gm.  to  0.0024  gm.  in  1  to  2  c.c.  of  sterile  salt  solution)  were  given 
subcutaneously  to  three  moderate-sized  rabbits.  The  administration  was  discon- 
tinued as  soon  as  the  animals  began  to  show  symptoms  of  poisoning.  These  symp- 
toms were  very  slight  and  lasted  but  a  few  days.  The  animals  seemed  move  quiet 
than  usual  and  the  ears  were  cold.  After  two  or  three  days  the  animals  were 
again  lively  and  strong  and  remained  so  throughout  the  experiment.  Each  animal 
was  anemic  toward  the  end  of  the  experiment.  On  June  19  the  hemoglobin  (Sahli) 
and  white  count  were  respectively  55  per  cent,  and  8,000  in  Animal  33.  25  per  cent, 
and  16,000  in  Animal  34,  and  50  per  cent,  and  5,000  in  Animal  35.  The  majority 
of  the  leukocytes  in  each  case  were  polymorphonuclear  neutrophils.  No  blasts 
were  seen.  Animal  34  June  26  to  30  had  severe  purpura  hemorrhagica.  This 
experiment  has  been  described  and  discussed  fully  in  a  previous  paper.'  Hemor- 
rhagic diathesis  in  this  case  seems  to  have  been  the  result,  not  the  cause,  of  the 
reduced  number  of  platelets.  No  paralysis  was  observed.  The  animals  were 
apparently  in  good  condition  at  the  end  of  the  experiment. 
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Table   3. — The  Effect   of  Sublethal  Doses  of   Diphtheria   Toxix   on   the 

Platelet  Count 


Experiment  Xo.  .  .  . 
Weight  of  Rabbit. 


Date 
June — 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
July— 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


Dose  of  Toxin, 
Gm. 


0.0012 


0.0018 
0.0024 


33 

34 

35 

2.5  Kg. 

2.5  Kg. 
Platelet  Counts 

2  Kg. 

580.000 

430.000 

I. 100.000 

540,000 

620.000 

400,000 

500.000 

600.000 

920,000 

540.000 

570,000 

1.090,000 

630,000 

560.000 

1,080,000 

860,000 

690,000 

1,370,000 

1,150.000 

690.000 

1.300,000 

1,200.000 

930,000 

1,900.000 

1,280,000 

860,000 

1,700,000 

1,270,000 

970,000 

1.600,000 

1,420,000 

1,700,000 

1,900.000 

1,210.000 

1,040.000 

2,040,000 

920.000 

440,000 

1,400.000 

1,080,000 

4,000 

1,300.000 

1,190.000 

4,000 

1,140,000 

1,000,000 

8,000 

1,080,000 

650,000 

64,000 

480,000 

720,000 

100,00'0 

890,000 

930,000 

150,000 

1.360,000 

940,000 

250.000 

1,560,000 

920.000 

380,000 

1,540,000 

860.000 

460.000 

1.640.000 

1,110;000 

370,000 

1,680,000 

1,160,000 

550.000 
"  200,600 

2,080,000 

860,000 

'  330,066 
'  230,606 

i, 320,006 

SUMMARY   OF  EXPEEIMENTS   WITH   DIPHTHERIA  TOXIN 

The  inoculation  of  rabbits  with  diphtheria  toxin  in  doses  which  proved 
fatal  in  from  three  to  four  daj's,  was  followed  by  a  rapid  fall  in  the 
platelet  count  to  about  one-third  of  the  normal.  Degeneration  of  the 
bone-marrow  was  found  at  autopsy.  The  nuclei  of  the  megakaryocytes 
were  vacuolated  and  picnotic.  The  results  are  shown  graphically  in 
Chart  1. 

The  inoculation  of  fatal  but  smaller  doses  of  toxin  gave  results  which 
were  not  so  marked  nor  constant  as  those  following  the  use  of  the  larger 
and  smaller  doses.  The  bone-marrow  changes  were  not  so  marked  as 
those  of  the  previous  series.    The  results  are  shown  graphically  in  Chart  2. 

The  inoculation  of  rabbits  with  sublethal  doses  of  toxin  was  followed 
by,  first,  a  rise  in  the  count  which  reached,  in  one  case,  a  height  of 
2,000,000;  then  a  rapid  fall  in  the  count  which  reached  in  one  instance  the 
low  level  of  4,000 ;  and  finally,  by  a  return  of  the  count  to  normal,  or  by 
a  rise  above  normal,  which  persisted  for  a  number  of  days.     Severe  sec- 
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ondary  anemia  developed  in  each  animal  toward  the  end  of  the  experi- 
ment. One  animal  had  severe  purpura  hemorrhagica  during  the  period 
in  which  the  platelet  count  was  at  its  lowest.  This  result  is  thought  to 
be  the  effect,  not  the  cause,  of  the  diminished  number  of  platelets.  It 
has  been  discussed  fully  in  a  previous  paper.^  The  results  are  shown 
graphically  in  Chart  3. 


2.       3 


/  o«o,oa* 


4       4 


Chart  1  ^^^^^  ^ 

Chart  1.— The  effect  of  large  doses  of  diphtheria  toxin  on  the  platelet  count 

in  three  rabbits.  . 

Chart  2.— The  effect  of  smaller  but  fatal  doses  of  diphtheria  toxin  on  the 

platelet  count  in  two  rabbits. 
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Chart  3.— The  effect  of  sublethal  doses  of  diphtheria  toxin  on  the  platelet 
count  in  three  rabbits. 

THE  EFFECT  OF  BENZOL  ON  THE  PLATELET  COUNT^ 
Sebies  I.-In  Table  4  are  recorded  results  showing  the  effect  on  the  platelet 
count  of  doses  of  benzol  which  proved  fatal  in  about  eleven  days.    In  this  series 
of  experiments  Merck's  benzol  was  injected  intramuscularly  in  two  rather  small 

9.  The  author  wishes  to  thank  Dr.  L.  Selling  for  his  kind  suggestions  regarding 
the  use  of  benzol. 
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rabbits  for  a  period  of  five  days  in  daily  doses  of  2  c.c.  The  animals  at  first 
showed  no  noticeable  ill  effects  following  this  procedure.  After  about  the  fourth 
day,  however,  it  was  observed  that  the  ears  were  cold,  that  the  animals  were 
quiet  and  seemed  weak  and  sick.  There  was  noted  also  loss  of  hair,  loss  of  weight 
and  anemia.  The  hemoglobin  was  60  per  cent.,  Sahli,  in  Eabbit  23  on  May  23. 
No  abscesses  developed  in  these  rabbits.  In  dogs  treated  with  benzol  in  experi- 
ments carried  out  by  me  in  the  Hunterian  Laboratory  of  Experimental  Pathology 
there  was  observed  in  addition  to  the  symptoms  just  mentioned,  weak,  wobbling 
gait,  tremor,  paralysis,  jaundice,  a  mild  tendency  to  bleed,  and  lipemia.  On  the 
twelfth  day  after  the  first  inoculation  with  benzol  Animal  23  was  found  dead  and 
Animal  22  was  killed. 

At  autopsy  was  found  anemia  and  fatty  degeneration  of  the  organs  and  almost 
complete  aplasia  of  the  bone  marrow.     Megakaryocytes  were  hardly  to  be  found. 


Table  4. 


-The  Effect  of  Five  2  c.c.  Doses  of  Benzol  ox  the  Platelet  Count 
In  Two  Rabbits 


Experiment 

No 

22 

23 

Approx.  Weight  of  Rabbit 

1 

K? 

1    Kg. 

Dose  of  Ben- 

Platelet 

White 

Platelet 

White 

Date 

zol,  c.c. 

Count 

Count 

Count 

Count 

May — 

13 

2 

340,000 

.... 

425.000 

6,000 

14 

2 

416,000 

9,800 

15 

2 

608,000 

9.200 

16 

2 

740,000 

11,000 

17 

•> 

500,000 

6,000 

1,230,000 

3,300 

18 

990,000 

550 

19 

1.000,000 

880 

20 

860,000 

1,600 

280,000 

2.700 

21 

300,000 

3,400 

72,000 

1,200 

22 

120,000 

5,000 

56.000 

1,600 

23 

61,000 

63,000 

1,000 

24 

Animad 
killed 

Found    dead. 

Table  5. — The  Effect  of  Three  2  c.c.  Doses  of  Benzol  on  the  Platelet  Count 

In  Two  Rabbits 


Experiment  No.  . 
Weight  of  Rabbit. 
Date 
July— 
'24 
25 
26 
27 
28 
29 
30 
31 
Aug.— 
1 
2 
3 
4 

5 

6 

7 

8 

9 
10 
11 
12 
13 


Dose  of  Benzol,  c.c. 


2.00 
2.00 


2.00 


36  38 

1.5  Kg.         1.&  Kg. 

Platelet  Counts 


520,000 

800,000 

520,000 

780,000 

730,000 

880,000 

690,000 

900,000 

780,000 

820,000 

910,000 

726!6o6 

1,220,000 
1,780,000 
i, 330,000 
1,320.000 


680,000 

810,000 

650,000 

1,666,660 

710,666 

l,380,66o 

i.060.6oO 
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Series  II. — In  Table  5  are  recorded  results  showing  the  effect  of  fewer  doses 
of  benzol  on  the  platelet  count.  In  this  series  of  experiments  three  2  c.c.  doses 
of  benzol  were  given  intramuscularly  to  two  moderate-sized  rabbits.  Animals  30 
and  32  of  the  tuberculin  experiments  were  used.  The  symptoms  observed  were 
the  same  as  those  of  the  previous  series  but  less  severe.  Subcutaneous  abscesses 
formed  in  each  case.  The  animals  were  in  fairly  good  condition  at  the  end  of 
the  experiment. 
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("hart  4. — The  effect  of  five  2  c.c.  doses  of  benzol  on  the  platelet  count  in  two 
rabbits. 
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Chart  5. — The  effect  of  three  2  c.c.  doses  of  benzol  on  the  platelet  count  in  two 
rabbits. 

SUMMARY  OF  EXPERIMENTS  WITH  BENZOL 

The  inoculation  of  rabbits  with  benzol  in  doses  which  proved  fatal  in 
about  eleven  days  was  followed  by,  first,  a  rise  in  the  platelet  count  (in 
one  case  to  a  height  of  1,330,000),  then  a  rapid  fall  in  the  count  (in  one 
case  to  a  level  of  61,000).  Severe  anemia  developed  in  each  animal 
toward  the  end  of  the  experiment. 

The  bone-marrow  at  autopsy  was  almost  completely  aplastic.  Mega- 
karyocytes could  hardly  be  found.  The  results  are  shown  graphically  in 
Chart  4. 
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The  inoculation  of  rabbits  with  benzol  in  doses  which  did  not  prove 
fatal  within  twenty  daj's  was  followed  by  a  gradual  rise  in  the  platelet 
count  (in  one  case  to  a  height  of  1,780,000).  The  count  did  not  fall 
below  normal  in  either  animal  during  the  time  of  the  experiment  (seven- 
teen days).    The  results  are  shown  graphically  in  Chart  5. 

THE  EFFECT  OF  TDBERCDLIX  OX  THE  PLATELET  COUNT 

Sebies  I. — In  Table  6  are  recorded  results  showing  the  effect  of  tuberculin  on 
the  platelet  count.  The  doses  given  in  this  series  were  large  but  were  the  smallest 
used  in  this  work.  Five  doses  of  Koch's  old  tuberculin  (0.1  to  0.2  gm.  in  1  to  2 
c.c.  of  a  solution  of  dilute  phenol)  was  given  intramuscularly  to  three  medium- 
sized  rabbits.  After  a  lapse  of  thirty-two  days  0.5  gm.  was  given.  The  animals 
suffered  no  apparent  ill  effect  from  the  tuberculin.  They  remained  strong  and 
lively  tnroughout  the  experiment. 


Table  6. 


-The  Effect  of  the  Smaller  Doses  of  Tubebculix  on  the  Platelet 
Count  In  Eabbits 


Experiment  Ko 

Weight  of  Rabbit 2.5  Kg. 

Dose   of  Tuber- 
Dale  culin,  Gm. 


May— 


June 


July- 


29 
30 
31 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

5 
6 
7 
8 
9 
10 
11 


0.1 
0.1 

0.1 

0.15 

0.2 


0.5 


21 
2.5  Kg. 

22 
2  Kg. 

Platelet  Counts 

23 
2  Kg. 

1.080,000 

1.200,000 

900.000 

1,730,000 

520.000 
480,000 
400,000 
590,000 

740,000 
660,000 
720,000 

1.300.000 
1,500,000 
1,370.000 
1,000.000 

610,000 
730,000 
720,000 
530,000 

960,000 
940,000 
800,000 
710,000 

920,000 

600,000 

600,000 

1,140,000 

720,000 

840,000 

570,000 

1.100,000 
640.000 
810,000 

650,000 
700,000 
800,000 

740,000 

760,000 

880.000 


660,000 


Series  II. — In  Table  7  are  recorded  results  showing  the  effect  of  larger  doses 
of  tuberculin  on  the  platelet  count.  Tuberculin  gm.  1.0  undiluted  was  given  intra- 
muscularly to  three  rather  small  rabbits.  On  the  fifth  day  after  the  inoculation 
the  animals  seemed  a  little  sick  and  quiet.  After  two  or  three  days  they  seemed 
lively  and  strong  again  and  remained  so  throughout  the  experiment. 
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Table  7. — The  Effect  of  Larger  Doses  of  Tuberculin  ox  the  Platelet  Count 

In  Rabbits 

Experiment  No 

Weight  of  Rabbit 1.5  Kg 

Dose  of  Tuber- 
Date  culin,    Gm. 


June- 


30 

31 

32 

1.5  Kg. 

1.5  Kg. 
Platelet  Counts 

1.5  Kg. 

440,000 

340,000 

590,000 

420,000 

380,000 

650,000 

410,000 

390,000 

520,000 

405,000 

420,000 

720,000 

620,000 

1,080,000 

900,000 

580,000 

830,000 

1,200,000 

840.000 

960,000 

600,000 

770,000 

800,000 

550,000 

570,000 

800,000 

630,000 

500,000 

800,000 

520,000 

470,000 

800,000 

520,000 

510,000 

780,000 

730,000 

580,000 

880,000 

690.000 

430,000 

900,000 

14  1.0 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 


Series  III. — In  Table  8  are  recorded  results  showing  the  effect  of  the  largest 
doses  of  tuberculin  on  the  platelet  count.  Gm.  3.0  of  tuberculin  undiluted  was 
given  intramuscularly  to  three  small,  young  rabbits.  The  dose  in  this  series  was 
gm.  3.0  per  kilo  of  weight.  For  one  or  two  days  after  the  inoculation  the  animals 
seemed  quiet  and  sick  but  on  the  third  day  were  again  lively.  After  a  period  of 
one  week,  there  was  noticeable  loss  of  weight  and  at  the  end  of  the  experiment 
emaciation  was  quite  marked.  Ulceration  developed  on  the  hind  legs  of  each 
animal  at  the  end  of  the  first  week  and  finally  the  legs  seemed  almost  to  dry  up. 
The  ears  also  withered  toward  the  end  of  the  experiment  and  blood  could  be 
obtained  only  by  cutting  the  largest  vessels.  Severe  anemia  developed  in  each 
animal  toward  the  end  of  the  experiment. 


Table  8. — The  Effect  of  Large  Doses  of  Tuberculin    (3  Gm.  per  Kilo  of 
Weight)  Ox  the  Platelet  Count  in  Rabbits 

Experiment  No 

Weight  of  Rabbit 1 

Dose  of   Tuber- 
Date  culin,   Gm. 


July- 


Ausr.- 


22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

1 
2 
3 

4 
5 
6 


3.0 


36 

37 

38 

1  Kg. 

1  Kg. 
Platelet  Counts 

1  Kg. 

980,000 

360,000 

1,200,000 

830.000 

790,000 

1,320,000 

860,000 

650,000 

880.000 

730,000 

800,000 

1,030,000 

1,290.000 

780,000 

1,113,000 

1,100.000 

1,070,000 

1,360.000 

910,000 


900,000 

1,880,000 

2.200,000 

1,720,000 

Found  dead 


810,000 


600,000 

530,000 
820,000 
830.000 


740,000 


1,900,000 

1,920.000 
2,320,000 
1,600,000 

Found  dead 


no 
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Chart  6. — The  effect  of  tuberculin  in  doses  of  about  gm.  0.25  per  kilo  of  weight 
on  the  platelet  count  of  three  rabbits.  Gm.  0.6  was  given  in  divided  doses  during 
a  period  of  five  days.  After  an  interval  of  thirty-two  days  a  second  dose  of  gm. 
0.5  was  used. 
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Chart  7. — The  effect  of  tuberculin  gm.  0.7  per  kilo  of  weight  on  the  platelet 
count  of  three  rabbits. 
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SUMMARY  OF  EXPERIMENTS  WITH  TUBERCULIX 

The  inoculation  of  animals  with  large  doses  of  tuberculin  was  fol- 
lowed by  a  rise  in  the  platelet  count  in  nearl}'  every  instance.  The  change 
in  the  counts  was  in  general  not  so  marked  as  that  observed  in  the  pre- 
vious experiments.  The  most  striking  result  followed  the  use  of  the 
largest  doses  (3  gm.  per  kilo  of  weight),  in  two  of  which  experiments  the 
count  reached  a  height  of  more  than  2.000,000.  The  count  did  not  fall 
below  normal  in  a  single  instance.  Severe  anemia  developed  in  the  ani- 
mals receiving  the  largest  doses.  The  results  are  shown  graphically  in 
Charts  6,  7  and  8. 

DISCUSSION  OF  RESULTS 

In  a  previous  paper  it  was  suggested  by  me  that  platelets  were  prob- 
ably very  short-lived  bodies,  or  what  amounts  to  the  same  thing,  that 
platelets  either  disintegrate  or  are  utilized  and  regenerated  in  enormous 
numbers  daily.  This  view,  while  not  directly  proved,  harmonizes  well 
with  facts  as  known  at  present.    The  facts  are  as  follows : 

1.  The  platelet  count  under  normal  conditions  is  relatively  more 
variable  than  the  red  count.  A  comparison  between  the  two  is  well 
shown  in  Table  9,  in  which  are  recorded  a  series  of  platelet  counts  made 
by  me  in  four  normal  individuals,  and  in  Table  10,  in  which  are  recorded 
series  of  red  counts  made  by  Professor  Biirker." 

Table  9. — Platelet  Couxts  in  Four  Normal  Individuals 


Date 

1 

2 

3 

4 

May— 

9 

275,000 

295,000 

290,000 

315,000 

10 

11 

12 

220,000 

300,000 

280,000 

240,000 

13 

14 

2S0.O00 

15 

270.000 

190.000 

16 

225,000 

300,000 

300,000 

17 

220,000 

18 

240,000 

190,000 

19 

230,000 

350,000 

20 

225,000 

275.000 

21 

260.000 

22 

196,000 

400,000 

23 

220.000 

24 

240.000 

250,000 

Highest   count 

275,000 

300.000 

400,000 

315,000 

Lowest  count 

106,000 

240.000 

250.000 

190,000 

Average 

224,000 

264,000 

306.000 

231,000 

10.  K.  Biirker:  Ueber  weitere  Verbesserungen  der  !Metliode  zur  Zahlung  roter 
Blutkorperchen  nebst  einigen  Zahlresultaten.  Pfltigers  Archiv.  f.  ges.  Physiol., 
1911,  cxlii,  337. 
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Table  10. — The  Red  Couxt  ix  Normal  Persons  as  Observed  by  Professor 

BUBKER 


Period  I* 
5,250,000 
5.370,000 
5,320,000 
5.330,000 
5,200,000 
5,170.000 
5,120,000 


Period  II 

5,470,000 

5,270,000 

5,280,00a 

5,370,000 

5,430.000 

5,400,0^0 

5,250,000 


Period  III 

5,420,000 

5,320,000 

5,150,000 

5,360,000 

5,220,000 

5.410,000 

5,430,000 


Highest  count  5,470,000.     Lowest  count  5,120,000.     Average  5,320,000. 
*The  counts  were  made  on  successive  days  in  the  same  individual  at  three 
periods  about  five  weeks  apart. 

2.  The  platelet  count  when  pathologically  increased  or  decreased  is 
more  variable  than  the  count  under  normal  conditions.  Daily  fluctua- 
tions may  be  as  great  as  the  normal  count.  Eesults  recorded  in  Table  11, 
obtained  from  patients  with  advanced  phthisis  (A)  and  severe  nephritis 
(B),  both  observed  by  me  in  the  clinic  of  Professor  Eomberg,  are  given 
as  examples.  The  red  count  is  never  subject  to  such  gi-eat  and  rapid 
changes  as  these. 

Table  11. — Platelet  Counts  in  a  Patient  with  (A)  Advanced  Phthisis,  (B) 

Severe  Nephritis 
A  B 


Date 

Platelet  Counts 

Date 

Platelet  Counti 

June — 

Jlav— 

14 

210,000 

'  9 

1,260,000 

18 

4,000 

10 

1,120,000 

20 

10.000 

12 

760,000 

21 

1.000* 

16 

575,000 

22 

110,000 

19 

535,000 

23 

210,000 

24 

510,000 

24 

295,000 

25 

540,000 

25 

330,000 

26 

C40.000 

26 

385,000 

28 

760,000 

27 

520,000 

29 

800,000 

28 

550,000 

June — 

30 

720,000 

1 

786.000 

July— 

8 

560,000 

1 

720.000 

15 

400,000 

7 

G40,000 

16 

350,000 

12 

400,000 

25 

1,400,000 

17 

500.000 

Julv— 

3 

900,000 

5 

500,000 

3.  It  was  demonstrated  by  me^  in  the  Hunterian  Laboratory  of  Experi- 
mental Pathology  and  in  the  pathological  laboratory  of  the  University 
of  Kansas  that  tlie  total  number  of  platelets  in  the  blood  of  dogs  can  be 
regenerated  within  a  period  of  from  three  to  five  days.  To  prove  this 
dogs  were  bled  in  amounts  of  200  to  250  c.c.  The  blood  was  defibrinated 
and  reinjected  intravenously.  This  process  was  repeated  frequently  at 
short  intervals,  so  that  finally  the  fi])rinogen  of  the  circulating  blood  was 
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reduced  to  a  trace.  Platelets  are  removed  from  the  blood  by  defibrination. 
The  platelet  count  of  these  animals  was  therefore  also  reduced  to  a  mini- 
mum. Counts  were  made  at  short  intervals  after  the  operation,  and  the 
rate  at  which  it  returned  to  normal  was  observed.  In  each  of  the  five 
experiments  the  count  reached  normal  within  from  three  to  five  days. 
The  results  obtained  in  two  of  these  experiments  are  shown  graphically  in 
Chart  9.  As  compared  with  the  rate  of  regeneration  of  red  cells  in  a 
condition  somewhat  analogous  (secondary  anemia),  that  of  the  platelets 
is  much  more  rapid.  The  regeneration  of  the  total  number  of  platelets 
in  the  blood  is  a  matter  of  days,  while  the  regeneration  of  about  50  per 
cent,  of  the  red  cells  is  a  matter  of  weeks.  The  relatively  slow  rate  at 
which  red  cells  are  regenerated  in  dogs  when  their  number  is  reduced  by 
bleeding  and  injection  of  salt  solution,  is  shown  in  Chart  10,  in  which 
are  recorded  graphically  the  results  obtained  by  Dr.  P.  M.  Dawson.^^ 


Chart  9. — About  90  per  cent,  of  the  platelets  in  two  dogs  were  removed  from 
the  circulation  by  withdrawing,  defibrinating  and  reinjecting  200  c.c.  amounts  of 
blood  six  to  ten  times  during  a  period  of  four  hours.  The  chart  shows  the  rapid 
rate  at  which  the  count  rose  after  it  Avas  thus  reduced.  It  reached  normal  in  one 
animal  on  the  fourth  day;  in  the  other  on  the  fifth. 

4.  In  a  jirevious  paper^-  I  reported  results  obtained  from  the  study 
of  two  patients  observed  in  the  Massachusetts  General  Hospital,  who  had 
hemorrhagic  disease.  Both  patients  had  very  low  platelet  counts  (3,000 
to  20,000).  Following  direct  transfusion  of  blood,  the  counts  were  found 
to  be  123,000  and  89,000,  respectively.  The  increase  in  the  count  was 
due  evidently  to  the  introduction  of  the  donor's  platelets  into  the  patient's 
circulation.  The  counts  fell  again  rapidly  after  transfusion  and  within 
three  days  reached  their  previous  low  level.  The  red  counts,  also 
increased  by  the  transfusion,  remained  high  for  a  period  of  weeks. 


11.  Dawson,  P.  M. :  Effects  of  Venous  Hemorrhage  and  Intravenous  Infusion 
in  Dogs.     Am.  Jour.  Physiol.,  1900.  iv,  Xo.  1. 

12.  Duke,  W.  W.:    The  Relation  of  Blood-Platelets  to  Hemorrhagic  Disease. 
Jour.  Am.  Med.  Assn.,  1910.  Iv,  1185. 
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The  following  experiment  was  performed  1)y  me  in  the  Hunterian 
Laboratory  of  Experimental  Patholog}-:  A  dog  was  treated  for  six  days 
with  intramuscular  injections  of  benzol.  The  platelet  count  at  the  begin- 
ning of  the  experiment  was  284,000.  Three  days  after  the  last  dose  of 
benzol  the  count  was  26,500.  The  animal  was  then  bled  and  transfused 
by  the  Crile  method. ^^  An  animal  of  the  same  breed  was  used  as  donor. 
Immediately  after  transfusion  the  platelet  count  was  179,000.  Twenty- 
four  hours  later  it  had  fallen  to  110,000.  The  red  count  was  also  increased 
by  transfusion  and  remained  high.  This  experiment  was,  of  course,  incom- 
plete. It  is  reported  simply  in  confirmation  of  the  results  obtained  in 
humans. 

The  above  facts  admit  several  possible  interpretations.  At  present 
the  following  seems  to  me  the  most  logical.  Future  work  may  prove  it 
erroneous. 
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Chart  10. — Results  of  Dr.  P.  M.  Dawson.  The  red  count  in  two  dogs  was 
reduced  by  withdrawing  a  large  amount  of  blood  and  replacing  it  with  salt  solu- 
tion. The  chart  shows  the  relatively  slow  rate  at  which  the  red  counts  rose  after 
they  were  thus  reduced.  They  did  not  reach  normal  in  three  weeks.  The  conditions 
of  these  experiments  and  of  those  of  Chart  9  would  seem  to  be  somewhat  analogous. 

Let  us  assume  that  the  average  length  of  life  of  platelets  in  a  given 
individual  is  four  days.  If  the  platelet  count  were  400,000,  we  could 
suppose  that  in  this  individual  about  100,000  platelets  disintegrated 
and  were  regenerated  daily.  If  now  the  rate  of  formation  of  platelets 
were  suddenly  doubled  through  the  action  of  some  stimulating  agent,  the 
count  would  rise  rapidly  to  800,000,  and  if  made  fivefold  would  rise  in  a 
few  days  to  2,000,000;  that  is,  if  the  platelets  formed  under  the  new 
conditions  lived  out  the  same  life  cycle  as  those  formed  under  normal 
conditions.  If  now  the  increase  in  the  count  to  2,000,000  were  brought 
about  by  an  agent  which  first  stimulated,  then  paralyzed  the  production 


13.  The  transfusion  was  carried  out  by  Dr.  W.  D.  Gatch,  to  wliom  I  desire 
to  express  my  thanks. 
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of  platelets,  a  fall  in  the  count  at  an  average  rate  of  500,000  a  day  would 
take  place  the  day  the  paralysis  was  complete.  If  the  paralysis  occurred 
suddenly  the  count  would  fall  from  2,000,000  to  0  within  a  period  of  four 
days.  The  fundamental  point  in  this  assumption  is  that  the  life  cycle  of 
the  platelet  is  short ;  that  is,  that  platelets  are  destroyed  and  regenerated 
in  enormous  numbers  daily.    Let  us  see  how  it  conforms  to  actual  fact. 

It  would  harmonize  with  the  fact  that  the  platelet  count  is  less  con- 
stant than  the  red  count.  If  the  daily  disintegration  of  platelets  is  25 
per  cent,  of  the  total  number  in  the  blood,  one  would  expect  that  the 
count  would  be  less  constant  than  the  red  count  where  the  daily  disinte- 
gration is  relatively  much  less  in  amount.  Likewise,  it  would  harmonize 
with  the  fact  that  platelets  can  increase  or  decrease  in  number  so  rapidly 
in  various  pathologic  and  experimental  conditions.  A  pathologic  rise  or 
fall  in  the  count  at  the  rates  observed  (often  500,000  per  day)  would  not 
seem  remarkably  great  if  the  normal  rate  of  formation  were  100,000  per 
day.  If,  however,  the  normal  rate  of  formation  were  say  20,000  per 
da}^,  a  pathologic  rise  or  fall  such  as  that  mentioned  would  seem  very 
large  (twent^'-five  times  the  normal  rate).  If  the  latter  were  true,  we 
would  have  to  assume  that  fluctuations  observed  in  my  experiments  were 
the  effects  of  agents  highly  stimulating  or  destructive.  This  is  of  course 
a  possibility,  but  does  not  harmonize  well  with  all  our  facts.  The  same 
reasoning  may  be  applied  in  accounting  for  the  fact  that  the  platelets 
introduced  into  the  circulation  of  the  patients  with  hemorrhagic  disease 
to  which  I  referred,  disappeared  so  rapidly.  In  this  case  we  had  normal 
platelets  in  plasma,  which  may  or  may  not  have  been  destructive  to  them. 
If  the  life  cycle  of  the  platelet  is  normally  short,  the  rapid  disappearance 
was  a  more  or  less  physiologic  incident;  if  the  life  cycle  is  normally  long, 
the  platelets  must  have  been  destroyed  prematurely. 

While  the  assumption  of  either  a  short  or  long  life  cycle  for  platelets 
may  be  consistent  with  the  results  already  mentioned,  that  of  a  normally 
long  life  would  not  account  well  for  the  fact  that  platelets  can  be  regen- 
erated so  rapidly  after  their  removal  from  the  circulation  by  repeated 
defibrination  of  the  blood.  Such  a  view  would  suppose  that  the  experi- 
mental condition  led  to  a  rate  of  generation  of  platelets  which  was  much 
greater  than  the  normal.  This  is,  however,  possible.  It  may  be  that  a 
lack  of  platelets  or  some  other  condition  in  the  experiments  was  a  power- 
ful stimulus  to  platelet  generation.  It  may  be  repeated,  however,  that 
analogous  stimulation  to  the  formation  of  erythrocytes  (the  lack  of  red 
cells  in  secondary  anemia)  causes  no  such  rapid  rise  in  the  red  count. 

While  I  believe  that  platelets  are  generated  and  destroyed  at  a  rapid 
rate  under  normal  conditions,  and  that  this  is  a  factor  which  must  be 
constantly  borne  in  mind  when  one  interprets  the  meaning  of  pathologic 
variation  in  the  platelet  count,  I  do  not  deny  that  other  factors  may  play 
a  part.    For  example,  in  the  experiments  with  large  doses  of  benzol  and 
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diphtheria  toxin,  it  was  noted  that  the  platelets  became  smaller  and 
smaller  as  the  count  rose.  It  is  not  impossible  that  platelets  in  the  blood- 
stream were  broken  up  into  smaller  pieces  by  the  action  of  these  agents 
and  that  this  contributed  to  the  rapid  rise  in  the  count.  It  is  also  pos- 
sible that  these  small  platelets  observed  in  the  experimental  conditions 
disintegrated  more  rapidh-  than  normal  platelets,  and  that  this  con- 
tributed to  the  rapid  fall  in  the  counts  which  followed.  It  is  possible 
that  platelets  in  the  circulating  blood  are  destroyed  by  benzol  and  diph- 
theria toxin,  and  that  this  gave  rise  in  part  to  the  fall  in  the  counts  noted 
in  some  of  the  experiments.  It  is  hard  to  believe,  however,  that  such 
occurred  in  the  experiments  with  diphtheria  toxin  of  Series  III.  The 
count  did  not  begin  to  fall  in  these  animals  until  ten  days  or  more  after 
the  administration  of  the  last  dose  of  toxin,  and  at  that  time  the  animals 
had  apparently  recovered  from  the  direct  ill  effects  of  the  poison.  One 
other  possibility  must  also  be  mentioned.  It  is  well  known  that  after 
animals  have  been  treated  with  a  foreign  serum  or  peptone,  platelets 
have  a  tendency  to  clump  and  form  capillary  plugs.  The  result  is  that 
the  platelet  count  ma}-  be  considerably  reduced.  It  is  possible  that  a 
clumping  of  the  platelets  occurred  in  some  of  my  animals  and  diminished 
the  number  in  the  circulating  blood.  To  me  it  does  not  seem  probable, 
however.  First,  the  platelets  were  always  evenly  distributed  when  the 
blood  was  mixed  with  Wright  and  Kinnicut's  solution.  Second,  the  fact 
that  the  animals  developed  anemia  and  had  pathologic  changes  in  the 
bone-marrow  suggests  another  cause  for  the  fall  in  the  counts.  Further 
experiment  is  necessary,  however,  before  this  point  can  be  definitely 
settled. 

The  experiments,  I  believe,  can  best  be  interpreted  as  follows : 

Diphtheria  toxin  in  large  doses  is  immediately  poisonous  to  the  bone  marrow 
— possibly  also  to  the  platelets  in  the  blood  stream — and  causes  an  immediate  fall 
in  the  platelet  count. 

Benzol,  as  administered  in  the  experiments  of  Series  I  (that  is  in  large  doses), 
and  diphtheria  toxin  as  administered  in  the  experiments  of  Series  III  (that  is, 
in  sublethal  doses),  act  first  as  stimulants  and  then  as  poisons  to  the  progenitors 
of  platelets,  thus  causing  first  a  rise  and  then  a  fall  in  the  platelet  count.  It 
may  be  that  platelets  themselves  are  also  affected  by  these  agents  and  that  this 
factor  contributes  to  the  change  in  the  counts.  It  is  believed  that  the  rapidity  of 
the  changes  can  be  accounted  for  best  by  assuming  that  platelets  normally  are 
short-lived  bodies. 

Benzol,  as  administered  in  the  experiments  of  Series  II  (that  is,  in  smaller 
doses),  and  tuberculin  act  for  a  period  of  ten  days  or  more,  as  stimulants  to  the 
formation  of  platelets.  No  evidence  of  a  poisonous  effect  during  this  period  was 
observed  in  my  experiments.  In  two  of  the  experiments  with  diphtheria  toxin  of 
Series  III,  the  irritating  effect  of  the  poison  was  greater  and  more  lasting  than  the 
poisonous  effect.  The  actual  result  was  an  increase  in  the  platelet  counts.  It 
seems  likelv  that  still  smaller  doses  would  produce  an  irritant  effect  only. 
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The  experimental  work  gives  us  a  clearer  conception  of  some  of  the 
processes  which  cause  variation  of  the  platelet  count  and  enables  us  to 
understand  better  the  findings  in  humans.  In  the  Children's  Hospital  of 
Professor  Eseherich  I  made  a  number  of  platelet  counts  on  patients  with 
diphtheria.  As  a  rule,  the  count  was  reduced  during  the  febrile  period  of 
the  disease  (lowest  count  3,000)  and  increased  during  convalescence 
(highest  count  750,000).  The  opposite  change,  however,  was  also 
observed ;  that  is,  an  increase  in  the  count  during  the  febrile  period  and  a 
reduction  in  the  count  after  the  clearing  of  the  membrane.  The  counts 
then  followed  the  phases  of  Hayem's  crisis  as  a  rule,  but  the  reverse  of 
this  also  occurred.  Examination  of  Chart  11,  in  which  is  recorded  graph- 
ically the  effect  of  varying  doses  of  diphtheria  toxin  on  the  platelet  count, 
shows  strikingly  that  under  the  influence  of  diphtheria  toxin  the  platelet 
count  may  range  at  almost  any  level  at  almost  any  time.     The  behavior 


Chart  11. — The  effect  of  diphtheria  toxin  in  varying  dosage  on  the  platelet 
count  in  rabbits.  (A)  Largest  dose.  (B)  Smaller  but  fatal  doses.  (C)  Sub- 
lethal doses. 


of  the  count  depends  on  the  amount  of  the  toxin  administered,  and  pos- 
sibly also  to  a  slight  extent  on  the  individual  resistance  of  the  animal. 
It  suggests  that  Hayem's  crisis  in  humans  with  diphtheria  is  the  result 
of  a  large  amount  of  toxin,  and  that  the  reverse  change  is  the  effect  of  a 
smaller  amount.  Low  counts  would  indicate  a  greater  toxemia  than  high 
counts,  and  low  counts  early  in  the  disease  a  more  severe  case  than  low 
counts  late  in  the  disease. 

I  made  a  number  of  platelet  counts  on  patients  with  phthisis  and 
nephritis  in  the  medical  clinic  of  Professor  Bomberg.  The  platelet  count 
in  patients  with  advanced  phthisis  was  as  a  rule  increased;  occasionally 
very  much  so  (highest  count  1,000,000).  In  two  cases  it  was  greatly 
reduced  for  a  short  time  (in  one  case  to  55,000;  in  another  to  less  than 
1,000).     In  patients  with   severe  nephritis  and  urinary  retention  the 


lis 


THE     ARCHIVES     OF    IXTERyAL     MEDICINE 


count  was  increased  as  a  rule — occasionally  very  much  increased  (highest 
count  1,260,000).  In  no  case  was  it  reduced.  Pratt,^*  however,  has 
reported  a  case  of  nephritis  in  which  the  platelet  count  descended  to 
9,000,  and  Determann^  an  instance  in  which  the  count  was  90,000.  It 
would  appear  that  the  platelet  count  may  be  very  much  increased  or  very 
much  decreased  in  phthisis  and  nephritis.  In  diphtheria,  the  count  is 
increase.d  and  decreased  hy  one  and  the  same  agent,  diphtheria  toxin.    It 
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Chart   12. — The  effect  of  benzol  in  varying  dosage  on  the  platelet  count  in 
rabbits.     (A)  Dose  fatal  in  eleven  days.     (B)  Smaller  dose. 
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Chart  13. — The  effect  of  tuberculin  in  varying  dosage  on  the  platelet  count  in 
rabbits.     (A)  Largest  dose.     (B)  Smaller  dose.     (C)  Smallest  dose. 

seems  that  the  high  and  the  loin  counts  of  phthisis  and  possibly  also  of 
nephritis  and  of  many  other  diseases  may  lie  likewise  the  effect  of  varying 
([uantities  of  one  and  the  same  agent.  High  counts  would  seem  to  he  the 
effect  of  doses  which  act  as  irritants;  loiv  counts  the  effect  of  poisonous 

14.  Pratt,  J.  H. :  A  System  of  Medicine.     Osier  and  McCrae.  vol.  iv,  p.  681. 
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doses.  It  would  appear  from  the  data  at  hand  that  tvhere  the  agent 
effecting  the  count  is  a  mild  one  (such  as  tuberculin  and  presumably  also 
the  platelet  poisons  of  nephritis  or  phthisis)  the  count  is  increased  as  a 
rule,  and  in  rare  cases  reduced.  Where  the  agent  is  a  stronger  one  (such 
as  benzol  or  diphtheria  toxin)  the  counts  are  more  quicMy  and  marlcedly 
altered,  and  low  counts  (the  effect  of  poisonous  doses)  are  more  frequent. 

SUMMARY  AND  COXCLDSIOXS 

The  inoculation  of  rabbits  with  doses  of  diphtheria  toxin  which  proved 
fatal  in  three  days  was  followed  by  an  immediate  fall  in  the  platelet 
count  to  about  one-third  of  the  normal.  Severe  degeneration  of  the 
bone-marrow  was  found  at  autopsy.  The  nuclei  of  a  majority  of  the 
megakaryocytes  were  vacuolated  or  pyknotic. 

The  inoculation  of  rabbits  with  sublethal  doses  of  diphtheria  toxin  was 
followed  by,  first,  a  rapid  rise  in  the  platelet  count  which  reached  in  one 
instance  a  height  of  2,040,000,  then  a  rapid  fall  in  the  count  which 
reached  in  one  instance  the  low  level  of  4,000,  and  finally  by  a  rise  in  the 
count  to  normal  or  by  a  rise  above  the  normal  which  persisted  for  a 
number  of  days.  The  animals  developed  severe  anemia  toward  the  end 
of  the  experiment. 

The  inoculation  of  rabbits  with  five  2  c.c.  doses  of  benzol  was  followed 
b}-,  first,  a  rapid  rise  in  the  platelet  count  in  one  instance  to  a  height  of 
1,230,000,  then  a  rapid  fall  in  the  count  in  one  instance  to  61,000.  The 
animals  developed  severe  anemia.  The  bone  marrow  at  autopsy  was 
almost  completely  aplastic.     Megakaryocytes  were  hardly  to  be  found. 

The  inoculation  of  rabbits  with  three  2  c.c.  doses  of  benzol  was  fol- 
lowed by  a  gradual  rise  in  the  platelet  count,  in  one  instance  to  a  height 
of  1,780,000.  The  count  did  not  fall  below  normal  during  the  period  in 
which  observations  were  made. 

The  inoculation  of  rabbits  with  tuberculin  was  followed  in  nearly 
every  instance  by  a  rise  in  the  platelet  count.  The  most  striking  results 
followed  the  use  of  the  largest  doses  (gm.  3  per  kilo  of  weight).  In  two 
instances  the  count  exceeded  2,000,000.  In  no  case  did  the  count  fall 
below  normal.  Severe  anemia  developed  in  the  animals  receiving  the 
largest  doses. 

These  data  it  is  thought,  admit  the  following  interpretation :  Diph- 
theria toxin  in  large  doses  is  immediately  poisonous  to  the  bone  marrow — 
possibly  also  to  platelets  themselves — and  causes  an  immediate  fall  in  the 
platelet  count. 

Benzol  in  large  doses  and  diphtheria  toxin  in  sublethal  doses,  act  first 
as  stimulants,  and  then  as  poisons  to  the  platelet-forming  organs  and 
cause  thus  first  a  rise  and  later  a  fall  in  the  platelet  count.  It  is  possible 
that  the  platelets  themselves  are  also  affected  by  these  agents,  and  that 
this  contributes  to  the  chans^e  in  the  counts. 
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Tuberculin  in  large  doses,  benzol  in  small  doses  and  possibly  also 
diphtheria  toxin  in  very  small  doses,  act  for  a  certain  period  of  time  only 
as  stimulants  to  the  progenitors  of  platelets  and  cause  onh^  a  rise  in  the 
platelet  count. 

It  is  believed  that  both  the  high  counts  and  the  low  platelet  counts 
observed  by  me  in  humans  with  diphtheria  are  caused  by  the  action  of 
varj-ing  amounts  of  one  and  the  same  agent  —  diphtheria  toxin.  Low 
platelet  counts  in  this  disease  would  indicate  a  more  severe  toxemia  than 
high  counts,  and  low  counts  early  in  the  disease  a  more  severe  case  than 
low  counts  late  in  the  disease.  This  reasoning  it  is  believed  may  apply 
to  other  diseases  also,  and  would  seem  to  account  for  the  occurrence  of 
high  platelet  counts  and  low  platelet  counts  in  the  same  pathologic 
conditions. 

It  has  been  suggested  by  several  observers  that  a  poverty  of  the  blood 
in  platelets  plays  a  role  in  the  pathogenesis  of  purpura  hemorrhagica. 
The  work  reported  here  supports  this  view.  Purpura  hemorrhagica  of  a 
certain  type  was  observed  in  every  instance  (human  and  experimental)  in 
which  the  platelet  count  descended  to  a  certain  low  level. 

The  view  expressed  by  me  in  a  previous  paper  that  platelets  were 
probably  very  short-lived  bodies  harmonizes  with  the  results  reported  here 
and  it  is  believed  accounts  for  the  fact  that  the  platelet  count  can  rise 
and  fall  with  such  rapidity. 

1130  Rialto  Building. 
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THE    EFFECTS    OF    EXPEEIMENTAL    CHEONIC    PASSIVE 
CONGESTIOlNr     ON     EENAL     FUNCTION* 

L.  G.  ROWNTKEE,  M.D.,  R.  FITZ,  M.D.,  and  J.  T.  GERAGHTY,  M.D. 

BALTIMORE 

By  experimental  methods,  the  production  of  varying  grades  of  chronic 
passive  congestion  of  the  kidney  has  been  attempted  in  order  to  determine 
its  effect  on  the  urinary  and  clinical  findings,  on  the  excretory  capacity 
of  the  kidney  as  revealed  by  certain  functional  studies  and  on  the 
histological  structure  of  the  kidney. 

In  every  cardiorenal  case  which  he  encounters  the  physician  confronts 
problems  which  he  is  called  on  to  solve.  Is  the  heart  or  kidney  chiefly 
involved  in  this  case  ?  Which  is  more  responsible  for  the  clinical  picture 
here  exhibited?  Do  permanent  and  irreparable  organic  changes  exist 
in  the  kidneys  which  preclude  the  hope  of  reestablishing  a  condition  of 
relatively  good  health,  or  will  the  decreased  renal  function  return  to 
normal  with  the  improvement  in  the  cardiovascular  system  consequent  on 
the  enforced  confinement  to  bed?  Can  chronic  passive  congestion  alone 
be  responsible  for  the  clinical  findings  ?  Shall  the  treatment  be  directed 
chiefly  to  the  heart  or  to  the  kidneys?  Can  chronic  passive  congestion 
itself  interfere  to  any  considerable  degree  with  the  excreting  capacity  of 
the  kidney  or  can  it  per  se  institute  pathological  processes  which  result 
in  organic  and  irreparable  changes  which  decrease  the  capability  of  the 
kidney  to  carry  on  its  work  ? 

By  correlating  the  data  obtained  from  this  study  with  those  obtained 
by  utilizing  clinically  these  identical  functional  tests  in  a  rather  extensive 
series  of  cardiac,  cardiorenal  and  renal  cases,  we  have  attempted  to 
devise  some  means  whereby  these  problems  can  be  successfully  attacked. 

HISTORICAL 

The  effect  of  partial  or  complete  obstruction  to  the  venous  return 
from  the  kidney  on  the  urinary  picture  and  the  histology  of  the  kidney 
has  been  already  investigated.  Eobinson^  (1843)  showed  that  complete  or 
partial  tying  off  of  the  renal  vein  resulted  in  the  appearance  of  albumin 
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or  blood,  or  both,  in  the  urine,  and  in  the  enlargement  of  the  kidney 
itself.  He  also  performed  a  one-sided  nephrectomy  and  showed  that 
albimiin  sometimes  appeared  in  the  urine  following  such  an  operation, 
but  that  by  tying  the  aorta  below  the  level  of  the  renal  arteries,  together 
with  the  above  mentioned  operation,  the  appearance  of  albumin  in  the 
urine  was  more  likely  to  occur.  None  of  Eobinson's  animals  lived  more 
than  four  and  one-half  days. 

Eobinson's  work,  as  well  as  that  of  several  other  investigators,  Meyer- 
(1844),  Frerichs^  (1851),  Goll*  (1854),  Ludwig^  (1856),  Munk« 
(1864),  ErythropeP  (1865),  Stockvis^  (1867),  Weissgerber  and  Perls^ 
(1877),  Litten"  (1879),  Posner^^  (1880),  Cohnheim^-  (1882),  and 
Heidenhain^^  (1883),  has  unquestionably  established  three  facts  in  rela- 
tion to  complete  or  partial  obstruction  of  the  venous  return  from  the 
kidney  for  periods  varying  from  hours  to  a  few  days. 

1.  Albuminuria  is  produced. 

2.  Hematuria  results,  particularly  if  the  lumen  of  the  vein  be  greatly 
narrowed. 

3.  Numerous  epithelial  cells,  singly,  in  groups,  or  as  epithelial  casts, 
appear  in  the  urine. 

There  is  not  the  same  unity  of  opinion  concerning  the  occurrence  of 
casts  in  the  urine  under  these  conditions;  Munk,  for  example,  stating 
that  fibrous  and  gelatinous  casts  (Fasersiof  und  Gallert)  are  never 
encountered  except  where  nephritis  coexists.  Burkart^*  also  states  that 
following  ligation  of  the  renal  vein  he  obtained  infarction  of  the  kidney, 
but  no  casts  in  the  urine.  The  consensus  of  opinion,  however,  is  that 
casts  do  occur  when  the  venous  return  is  interfered  with,  having  been 
described  by  Frerichs,  Erythropel,  Weissgerber  and  Perls,  Euneberg^^ 
and  Litten. 

Another  phase,  the  effect  of  obstruction  of  venous  outflow  on  the 
quantity  of  urine  excreted,  has  also  been  investigated.  Paneth^^  (1886) 
in  cleverly  devised  experiments  on  anesthetized  animals  in  which  known 
weights  were  allowed  to  make  traction  on  a  thread,  the  loop  of  which 
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was  placed  about  the  inferior  vena  cava  above  the  entrance  of  the  renal 
vein,  or  about  the  renal  vein  itself,  showed  that  venous  congestion  always 
caused  a  decrease  in  the  urinary  output.  Even  the  mildest  grades  of 
congestion  were  never  associated  with  a  normal  or  increased  amount  of 
urine.    Similar  conclusions  had  been  drawn  by  Munk®  (1864). 

Schwarz^^  (1900)  states  that  partial  obstruction  of  the  renal  vein  of 
one  side  resulted  in  a  relative  polyuria  on  that  side.  This  he  claimed 
could  be  obtained  with  more  certainty  when  the  blood  was  first 
defibrinated. 

De  Souza^^  (1900)  repeated  this  work  with  exactly  opposite  results 
even  when  the  blood  was  defibrinated.  He  sharply  criticized  the  work  of 
Schwarz,  pointing  out  that  the  flow  of  urine  from  either  side,  in  Schwarz's 
experiments,  was  exceedingly  small.  He  concluded  that  any  interference 
with  the  return  flow  of  blood  from  the  kidney  resulted  in  lessened  urinary 
output. 

Ignatowski^®  (1905)  determined  the  effect  on  the  renal  function  of 
ligating  one  renal  vein,  the  other  kidney  being  left  untouched.  He 
showed  that  the  urine  for  the  next  twenty-four  hours  was  scanty  in 
amount,  poor  in  chlorid  and  in  urea,  contained  albumin  and  blood.  He 
later  tied  the  remaining  renal  vein,  death  occurring  within  a  few  days. 

The  work  of  these  various  investigators  has  dealt  essentially  with 
the  immediate  effect  (hours  to  four  days)  of  partial  or  complete  obstruc- 
tion of  the  venous  return  from  the  kidney  on  the  amount  of  urine,  the 
presence  of  albumin,  blood  and  casts  in  it,  and  on  the  histological  picture. 

The  problems  with  which  we  deal  are :  the  effects  of  varying  grades 
of  permanent  chronic  passive  congestion  (partial  obstruction  to  venous 
return)  on  the  urinary  picture,  on  the  functional  capacity  of  the  kidney 
as  revealed  by  functional  studies,  on  the  kidney  histologically,  and  on  the 
general  condition  of  the  organism  elsewhere. 

METHODS 

The  method  utilized  for  the  production  of  chronic  passive  congestion 
of  the  kidney  consisted  briefly  of  the  application  of  constricting  bands 
about  the  renal  veins  or  about  the  vena  cava  above  the  entrance  of  the 
renal  veins.  The  bands  were  obtained  by  cutting  sections  approximately 
1  cm.  in  length  from  ordinary  Coude  catheters  which  were  sterilized  by 
boiling  for  a  period  of  two  or  three  minutes. 

The  dog's  abdomen  was  opened  aseptically.  The  vessel  about  which 
the  band  was  to  be  placed  was  isolated  and  thoroughly  freed  from  the 
surrounding  tissue.  The  section  of  catheter  was  slit  longitudinally, 
opened,  flattened  out,  and  grasped  between  the  blades  of  an  artery  forceps 
in  such  a  manner  as  to  prevent  it  from  curling  back  into  its  original  shape. 

17.  Schwarz:  Arch.  f.  Physiol,  u.  Pathol.,  1900,  xliii,  15. 

18.  De  Souza:   Jour.  Physiol.,  1900,  xxvi,  139. 

19.  Ignatowski:   Compt.  rend.  Soe.  de  biol.,  1905,  Iviii,  130. 
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The  band  was  slipped  under  the  isolated  vessel  and  grasped  on  the  other 
side  with  forceps.  By  careful  manipulation  it  was  allowed  to  curl  back 
into  its  original  shape,  enclosing  the  vessel  within  its  lumen.  Heavy  silk 
ligatures  were  then  tied  about  it,  in  the  center  and  at  either  end,  holding 
it  firmly  in  place.  The  degree  of  congestion  produced  was  controlled  by 
the  caliber  of  the  band  utilized,  by  one-sided  nephrectomy,  and  by  ligat- 
ing  or  leaving  untouched  the  vessels  concerned  in  the  collateral  circulation 
of  the  kidney.  The  dog  was  then  allowed  to  recover  from  the  anesthesia 
and  was  placed  in  an  appropriate  metabolism  cage  for  immediate  obser- 
vation. 

After  a  series  of  functional  studies  the  animal  was  turned  loose  until 
such  a  time  as  another  series  was  wanted.  Kepeated  observations  at 
periods  of  days  or  weeks  were  made  on  the  urine  and  on  the  renal  func- 
tional capacity.  Finally  the  dogs  were  killed  and  the  kidneys  studied 
from  a  pathological  point  of  view. 

We  have  in  this  manner  attempted  to  create  conditions  simulating  as 
nearly  as  possible  those  existing  in  cases  of  cardiac  decompensation. 
In  clinical  cases  there  is  stasis  which  undoubtedly  interferes  with  the 
free  flow  of  blood  from  the  kidney.  Since  the  heart  action  in  cases  of 
decompensation  is  weakened,  there  must  exist  a  disproportion  between 
the  driving  force  on  the  arterial  side  and  the  outflow  on  the  venous  side. 
And  while  our  experiments  have  been  conducted  on  animals  with  normal 
hearts,  the  constriction  of  the  vein  leads  here  also  to  a  disproportion 
between  the  inflow  and  the  outflow.  Therefore,  we  may  assume  that  the 
conditions  of  our  experiments  actually  resemble  the  conditions  encoun- 
tered clinically^"  as  closely  as  experiments  with  animals  with  normal 
hearts  will  permit. 

The  functional  tests  used  in  this  connection  were  essentially  five,  e.  g., 
phenolsulphonephthalein,  lactose,  salt,  potassium  iodid  and  water.  In 
our  earlier  studies  the  excretion  of  certain  other  dye  substances  was 
studied  in  certain  cases  as  was  also  the  glycosuria  following  the  injection 
of  phloridzin.  It  became  apparent  early  that  nothing  was  to  be  gained 
from  the  continued  use  of  indigo  carmin  and  carbol  fuchsin  (rosanilin) 
in  this  connection,^^  inasmuch  as  they  were  excreted  roughly  in  propor- 


20.  We  are  aware  that  in  certain  respects  differences  do  exist.  Although  in 
the  pressure  exerted  a  similar  relative  disproportion  exists  in  the  two  conditions, 
naturally  where  the  vis  a  tergo  is  normal  the  absolute  pressure  may  be  greater. 
Furthermore,  there  is  a  possibility  that  the  insuflScient  oxygenation  of  blood 
generally,  in  broken  compensation,  plays  a  rdle  in  determining  renal  function.  We 
do  not  think  so  much  in  this  connection  about  the  diminished  oxygen  supply  to 
the  kidney  as  of  the  possible  toxicity  of  the  waste  products  of  other  organs  which 
suflfer  from  lack  of  oxygen,  aflFecting  renal  function. 

21.  Personal  observations  to  be  published  later.  For  discussion  of  these  tests, 
see  also  publication  of  Rowntree  and  Geraghty,  Jour.  Pharm.  and  Exper.  Therap., 
1910,  i,  579. 
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tions  paralleling  the  excretion  of  phthalein.  The  use  of  the  indigo 
carmin  was  discarded,  since  its  colorimetric  properties  are  not  well 
adapted  to  accurate  quantitative  work.  Both  drugs  are  excreted  much 
more  slowly  than  is  the  phthalein.  The  glycosuria  following  the  adminis- 
tration of  phloridzin  seems  to  bear  some  relation  to  the  excretion  of 
lactose  under  similar  conditions ;  e.  g.,  glycosuria  is  prolonged.  Phlorid- 
zin glycosuria,  however,  is  exceedingly  variable  under  any  conditions  and 
it  was  considered  more  advantagous  to  use  only  lactose,  on  which  greater 
reliance  can  be  placed. 

In  some  of  our  later  experiments  observations  were  made  on  the  urea 
and  nitrogen  content  of  the  blood,  which  has  been  considered  by  Prevost 
and  Dumas"  (1831),  Christison^^^  (1834),  Bright^*  (1836),  Frerichs^" 
(1851),  Ascoli^^  (1901),  Strauss"  (1903),  Miiller^s  (1904),  Ober- 
meyer  and  Popper-^  (1911),  Hohlweg^'^  (1911),  WidaP^  (1911),  von 
Koorden^^  (1907),  to  be  materially  augmented  wherever  marked  decrease 
in  the  excretory  capacity  of  the  kidney  exists. 

A  brief  description  of  these  various  tests,  together  with  the  technic, 
follows : 

The  Phthalein  Test  was  used  according  to  the  original  technic 
described  by  Eowntree  and  Geraghty.^^  One  cubic  centimeter  of  a 
phenolsulphonephthalein  solution  containing  accurately  6  mg.  was 
injected  under  antiseptic  precautions  into  the  lumbar  muscles  of  the 
dogs,  which  were  then  placed  in  metabolism  cages.  A  catheter  was  passed 
at  the  expiration  of  an  hour  and  ten  minutes  and  the  total  urine  for 
this  period  collected.  The  urine  was  made  distinctly  alkaline,  diluted  to 
1  liter,  and  the  amount  of  drug  present  determined  by  the  use  of  our^* 
modification  of  the  Autenrieth-Konigsberger  colorimeter.  In  our  previ- 
ous work  with  this  test  we  have  already  determined  that  the  output  for 
normal  dogs  is  50  per  cent.,  or  more,  for  this  period. 


22.  Prevost  and  Dumas:   1821.     Cited  by  Schondorff,  Pfliiger's  Arch.  f.  d.  ges, 
Physiol.,  1899,  Lxxiv,  307. 

23.  Christison:     On  Granular  Degeneration  of  the  Kidney,  1834. 

24.  Bright:   Guy's  Hosp.  Rep.,  1836,  i,  358. 

25.  Frerichs:  Die  Bright'sche,  etc.,  1851. 

26.  Ascoli:  Pfliiger's  Arch,  f.  d.  ges.  Physiol.,  1901,  Ixxxvii,  103. 

27.  Strauss:   Die  chronischen  Nierentziindungen  in  ihrer  Einwirkung  auf  die 
Blutfliissigkeit  und  deren  Behandlung,  1902. 

28.  Moller:   Verhandl.  d.  Deutsch.  path.  Gesellsch.,  1904-5,  vii-ix,  completing 
No.  8a. 

29.  Obermeyer  and  Popper:    Ztschr.  f.  klin.  Med.,  1911,  Ixxii,  332. 

30.  Hohlweg:  Deutsch.  Arch.  f.  klin.  Med.,  1911,  civ,  216. 

31.  Widal:  Bull,  et  m§m.  Soc.  m6d.  d.  hSp.,  Paris,  1911,  Series  3,  xxxii,  627. 

32.  Von  Noorden:  Metabolism  and  Practical  Medicine,  1907,  ii,  486. 

33.  Rowntree  and  Geraghty:  Jour,  of  Pharm.  and  Exper.  Therap.,  1910,  i,  579. 

34.  Rowntree  and  Geraghty:  The  ABCnrvES  Int.  Med.,  1912,  ix,  284. 
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The  lactose,  potassium  iodid,  salt  and  water  tests,  which  have  received 
a  thorough  study  at  the  hands  of  Sehlayer^^  and  his  coworkers  in  relation 
to  the  renal  function  in  experimental  acute  toxic  and  vascular  nephritides, 
and  also  in  relation  to  nephritis  as  it  exists  clinically,  were  applied  to  this 
study  of  the  renal  function  in  chronic  passive  congestion.  Schlayer's 
technic  was  adhered  to  as  closely  as  possible. 

Lactose  was  shown  by  Voit^^  to  be  excreted  quantitatively  by  the 
kidneys  following  subcutaneous  or  intravenous  administration.  De 
Bonis^''  showed  that  lactose  was  excreted  by  the  glomeruli.  Schlayer 
therefore  adopted  it  as  a  means  of  determining  the  functional  capacity 
of  the  glomeruli  in  various  forms  of  experimental  nephritis  and  in  the 
nephritides  encountered  clinically.  He  admits  that  its  excretion  is 
delayed  in  passive  congestion,  and  therefore  in  his  clinical  studies  he 
avoided  cases  which  exhibited  cardiac  inefficiency.  He  considered  delay 
in  lactose  excretion  to  be  evidence  of  functional  derangement  of  the 
vascular  system.  Since  it  is  a  substance  foreign  to  the  body  and  con- 
sequently not  subjected  to  the  many  extrarenal  factors  which  influence 
the  excretion  of  water,  he  places  his  chief  reliance  on  this  test  for  infor- 
mation concerning  the  vascular  functional  capacity.  Schlayer  worked 
with  rabbits  and  administered  the  lactose  intravenously.  We  have  worked 
with  dogs,  injecting  it  into  the  lumbar  muscles. 

Since  De  Bonis  does  not  claim  that  lactose  is  not  excreted  by  way  of 
the  tubules  but  merely  that  it  is  well  excreted  by  the  glomeruli,  we 
thought  that  the  frog's  kidneys  might  furnish  valuable  information  in 
regard  to  the  mechanism  of  the  excretion  of  lactose.  Nussbaum^^  showed 
that  the  tubules  in  the  frog's  kidney  are  supplied  by  the  renal-portal 
system  which  is  entirely  separate  and  independent  of  the  arterial  supply 
of  the  glomeruli.  This  work  has  been  confirmed  by  Beddard,^^  Cullis,*" 
and  Eowntree  and  Geraghty.^^  An  attempt  was,  therefore,  made  to  see 
if  the  frog's  kidney  could  excrete  lactose  in  the  absence  of  the  glomerular 
system. 

Large  male  frogs,  Rana  catesbiana,  weighing  about  300  gm.,  were 
pithed,  their  abdomens  opened  by  long  incisions  on  each  side  of  and 
parallel  to  the  anterior  abdominal  vein.  The  left  kidney  was  exposed 
and  all  the  arterial  connections  severed  by  means  of  the  Paquelin  cautery 


35.  Schlayer  and  Takayasu:  Deutsch.  Arch.  f.  klin.  Med.,  1910,  xcviii,  17;  1911, 
ci,  333;   and' Schlayer,   1911,  cii,  311. 

36.  Voit:  Deutsch.  Arch.  f.  klin.  Med.,  1897,  Iviii,  545. 

37.  DeBonis:   Giorn  Internat.  d.  sc.  med.,  1907,  xix,  446,  451. 

38.  Nussbaum:  Pfluger's  Arch.  f.  d.  ges.  Physiol.,  1878,  xvi,  179;  xvii,  580. 

39.  Beddard:  Jour.  Physiol.,  1902,  xviii,  20;  see  also  Bambridge  and  Beddard: 
Jour.  Physiol.,  1906,  xxiv;  Proc.  of  Physiol.  Soc.  p.  ix,  and  Biochem  Jour.,  1906, 
i,  255. 

40.  Cullis:  Jour.  Physiol.,  1906,  xxxiv,  250. 
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as  suggested  by  Beddard.  A  cannula  was  then  inserted  into  the  anterior 
abdominal  vein  and  a  small  glass  cannula  inserted  into  the  left  ureter. 
Protocols  will  indicate  the  course  of  the  experiment  and  the  results 
obtained. 

PROTOCOLS  OF  EXPERIMENT 

I.  Einger's  solution  was  perfused  from  a  Mariotte  flask  through  the  renal- 
portal  system  under  a  pressure  of  35  cm.  of  water.  Perfusion  for  fifteen  seconds 
every  three  minutes  was  begun  at  12:30  and  continued  until  12:50,  no  urine  being 
secreted.  At  this  time  sufficient  sulplionephthalein  to  make  a  1  per  cent,  solution 
was  added  to  the  Ringer's  solution  and  perfusion  continued  until  1:30  p.  m.,  still 
no  urine  being  excreted.  Sufficient  urea  and  lactose  were  then  added  to  make  a  1 
per  cent,  solution  of  the  former  and  an  8  per  cent,  solution  of  the  latter  and  the 
perfusion  continued.  At  1:45  the  urinary  flow  started,  phthalein  making  its 
appearance  biit  lactose  being  absent.  At  2  p.  m.  sugar  was  recovered  from  the 
urine  excreted. 

II.  Ringer's  solution  was  perfused  from  a  Mariotte  flask  through  the  renal 
portal  system  under  a  pressure  of  35  cm.  of  water.  Perfusion  for  fifteen  seconds 
every  three  minutes  was  continued  from  3:30  p.  m.  to  4  p.  m.  without  any  flow  of 
urine.  At  4  p.  m.,  sufficient  lactose  to  make  a  0.5  per  cent,  solution  was  added 
to  the  perfusing  fluid.  Urinary  flow  started  at  4:15  p.  m.  A  trace  of  sugar  was 
in  the  urine  at  4:45  p.  m.  Phthalein  (6  mg.)  and  sufficient  urea  to  make  a  2 
per  cent,  solution  were  added  to  the  perfused  fluid  at  5  p.  m.  At  5:30  p.  m.  the 
urine  contained  sugar  and  phthalein. 

The  kidney  was  perfused  at  5  p.  m.  with  a  saturated  solution  of  Prussian  blue, 
immediately  removed  and  placed  in  absolute  alcohol.  Serial  sections  were  made 
but  no  blue  found  in  the  glomeruli. 

From  this  it  is  seen  that  the  frog's  urinary  tubules  are  capable  of 
excreting  lactose.  We  feel,  therefore,  that  sufficient  proof  has  not  been 
presented  that  lactose  is  excreted  by  the  glomerular  system  entirely. 

From  a  repetition  of  Schlayer's  work  on  acute  toxic  nephritis  and 
our  own,  as  well  as  his  experience  with  its  use  as  a  functional  test  clin- 
ically, and  from  the  evidence  presented  in  this  study,  we  feel  that  the 
mechanism  of  its  excretion  differs  essentially  from  that  of  phthalein, 
salt,  indigo  carmin,  etc.  Throughout  this  investigation  we  have  used  it 
as  Schla5^er  did  as  an  index  of  the  condition  of  the  vascular  function  of 
the  kidney,  admitting,  however,  that  we  need  much  more  information 
concerning  the  manner  and  significance  of  its  excretion. 

TECHNIC 

Our  technic  was  as  follows:  3  gm.  of  lactose  in  15  c.c.  of  distilled  water  was 
injected  into  the  lumbar  muscles  under  aseptic  precautions.  The  animals  were 
placed  in  metabolism  cages,  catheterized  at  the  end  of  four  hours,  and  thereafter 
every  half  hour  up  to  eight  and  nine  hours.  The  total  amount  of  lactose  excreted 
in  four  hours  was  determined  polarimetrically  in  a  great  many  instances  by  the 
Schmidt  and  Haenisch  instrument,  but  since  the  time  necessary  for  total  elimina- 
tion is  considered  by  Schlayer  to  be  of  greater  importance,  we  have  studied  this 
more  particularly.  The  presence  of  lactose  in  the  urine  has  been  determined  by 
means  of  the  Fehling  and  Nylander  tests.  The  total  time  necessary  for  com- 
plete excretion  of  lactose  under  such  conditions  normally  does  not  exceed  six  hours. 
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Potassium  lodid  Test. — Potassium  iodid  was  one  of  the  first  sub- 
stances to  be  utilized  in  connection  with  functional  renal  studies,  being 
introduced  by  Duckworth*^  in  1867.  It  appears  quickly  in  the  urine 
following  its  administration  by  mouth,  Quetsch*^  stating  that  it  appears 
in  nine  to  eighteen  minutes  after  a  2  gm.  dose,  Eoux*^  thirteen  minutes 
after  a  3  gm.  dose,  and  Studeni**  thirteen  to  eighteen  minutes  after  a  1 
gm.  dose.  The  time  required  for  complete  elimination,  as  stated  by  dif- 
ferent authors,  varies  markedly.  According  to  Geisler,*^  6  gm.  require 
twenty-five  hours;  Eoux,  5  gm.  require  thirty  hours;  Studeni,  1  gm. 
requires  thirty  to  thirty-six  hours ;  Anten,*^  0.5  gm.  requires  forty  hours ; 
Schlayer  and  Takayasu*"  and  Monokow,*^  0.5  gm.  requires  forty-eight 
hours.  Schlayer,  in  his  studies,  however,  did  not  consider  anything  less 
than  sixty  hours  to  be  a  delayed  excretion  time  following  0.5  gm.  by 
mouth. 

According  to  the  studies  of  Schlayer,  potassium  iodid  is  excreted  by 
the  tubules  of  the  kidney  and  on  it  he  has  placed  most  dependence  in 
determining  tubular  functional  capacity.  Anten*^  showed  that  the  excre- 
tion is  not  hastened  by  the  occurrence  of  diuresis.  It  has  been  claimed  by 
Schlayer  and  Takayasu*'  that  its  excretion  is  not  influenced  by  chronic 
passive  congestion  and  that  it  is  not  delayed  in  cases  of  cardiac  decompo- 
sition, characteristics  which,  if  true,  would  make  it  of  tremendous  impor- 
tance in  diifereiitiating  cases  of  pure  passive  congestion  of  the  kidney 
from  passive  congestion  associated  with  nephritis. 

In  our  studies  0.5  gm.  of  potassium  iodid  was  administered  by 
stomach  tube  and  its  presence  in  the  urine  determined  by  Sandow's*^ 
test.  This  amount  we  have  found  normally  to  be  excreted  within  forty- 
eight  hours,  but,  like  Schlayer,  we  have  considered  a  delayed  excretion 
only  that  which  continues  for  more  than  sixty  hours. 

In  certain  instances,  on  account  of  vomiting,  the  drug  was  given 
directly  into  the  blood  by  means  of  an  intracardiac  injection.  Follo\yng 
such  administration  it  is  entirely  eliminated  normally  within  twenty-four 
hours. 


41.  Duckworth:   St.  Barth.  Hosp.  Rep.,  iii,  216. 

42.  Quetsch:  Berl.  klin.  Wclmschr.,  1884,  xxi,  353. 

43.  Roux:  Thfese  de  Paris,  1890,  No.  248.  Experiences  sur  Telimination  des 
jodures  par  I'urine. 

44.  Studeni:  Untersuchungen  iiber  die  physiologische  Ausscheidung  der  Jod- 
preparate  durch  den  menschlichen  Harn.     Zurich,  1897. 

45.  Geisler:   Cited  by  ^\nten   (Note  46). 

46.  Anten:  Arch.  f.  Path.  u.  Pharm.,  1902,  xlviii,  331. 

47.  Schlayer  and  Takayasu:     Deutsch.  Arch.  f.  klin.  Med.,  1911,  d,  354. 

48.  Monokow:   Deutsch.  Arch.  f.  klin.  Med.,  1911,  cii,  309. 

49.  Sandow's  method  consists  of  adding  1  c.c.  of  2  per  cent,  sodium  nitrite  solu- 
tion and  1  c.c.  of  10  per  cent.  H2SO4  to  from  10  c.c.  to  30  c.c.  of  urine,  followed  by 
the  addition  of  a  small  amount  of  chloroform.  This  is  shaken  together  and 
allowed  to  separate  into  layers,  the  presence  of  the  iodid  being  indicated  by  a  pur- 
plish-red or  violet  color  in  the  chloroform. 
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The  Salt  and  Water  Tests. — The  excretion  of  salt  following  its  admin- 
istration in  amounts  greatly  in  excess  of  that  ordinarily  taken  with  the 
food,  is  accomplished  by  the  tubules,  according  to  Schlayer.  ISTormally  a 
large  amount  of  salt  is  excreted  by  one  of  two  methods.  If  it  is  given 
without  extra  water  it  is  almost  entirely  excreted  within  twenty-four 
hours,  without  diuresis,  by  increased  salt  concentration  in  the  urine;  if 
given  with  an  excess  of  water  it  is  excreted  partially  through  increased 
concentration  in  the  urine  and  partially  through  diuresis. 

\\Tiere  vascular  injury  to  the  kidney  exists  we  may  have  the  simple 
administration  of  salt  followed  by  a  marked  diuresis,  all  of  the  salt  being 
smoothly  excreted  in  twenty-four  hours  without  its  percentage  content  in 
the  urine  being  at  all  increased.  This  is  usually  associated  with  a  some- 
what low  and  fixed  specific  gravity  and  the  syndrome  is  spoken  of  as 
"vascular  hyposthenuria."  Here  the  inability  to  concentrate  is  not  due 
to  any  incapacity  of  the  tubules  to  excrete  salt,  but  on  hypersensitive 
vessels  which  respond  to  the  salt  administration  with  a  diuresis.  In 
more  severe  vascular  injury  the  vessels  do  not  act  in  the  same  way, 
oliguria  characterizing  the  urinary  picture.  In  severe  tubular  destruc- 
tion, a  urine  of  fixed  low  specific  gravity  is  obtained,  the  quantity  of 
which  is  not  materially  affected  by  the  administration  of  salt  and  the  salt 
content  of  which  is  not  augmented  by  administration  of  extra  amounts  of 
salt  because  of  the  inability  of  the  tubules  to  excrete  it.  Such  a  condition 
is  known  as  "tubular  hyposthenuria." 

In  this  study  the  daily  excretion  of  salt,  both  as  to  per  cent,  and  total 
excretion,  was  first  observed,  the  animal  being  kept  on  a  constant  diet. 
An  extra  3  gm.  of  salt  were  given  by  mouth  and  the  effect  on  the  per- 
centage content  in  the  urine  and  on  the  total  salt  output  for  the  following 
twent}'--four  hours  determined.  In  certain  instances,  where  administra- 
tion of  the  salt  by  mouth  produced  vomiting,  1.5  to  2  gm.  of  salt  were 
given  intravenously  or  directly  into  the  heart  by  an  intracardiac  injection. 
The  Liitke-Martius^"  method  was  used  throughout  in  the  chlorid  deter- 
minations. 

VARIOUS    METHODS    OF    PRODUCTION    OF     CHRONIC    PASSIVE    CONGESTION 

OF    KIDNEYS 

In  order  to  obtain  passive  congestion  of  tjie  kidneys,  bands  were 
placed,  by  the  technic  described  above,  on  one  or  both  renal  veins,  on  the 
vena  cava  above  the  entrance  of  the  renal  veins,  on  the  aorta  below  the 
origin  of  the  renal  arteries,  while  simultaneously  vessels  concerned  in  the 
establishing  of  collateral  circulation  were  ligatured;  the  production  of 
hyperemia  was  attempted  by  placing  a  band  about  the  aorta  below  the 


50.  Sahli:  Diagnostic  Methods,  1911,  177. 
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level  of  the  renal  arteries.  The  urinary  picture,  functional  renal  capacity 
and  pathological  findings  obtained  following  these  various  methods  are 
indicated  below. 

A  BAND  ON  THE  VENA  CAVA  ABOVE  ENTRANCE  OF  EENAL   VEINS 

The  effect  of  placing  a  constricting  band  on  the  vena  cava  just  above 
the  entrance  of  the  renal  veins,  without  handling  the  kidneys  or  inter- 
fering in  any  way  with  their  collateral  circulation,  is  shown  in  the  follow- 
ing protocols : 

HoTjND  Bitch  I. — Weight  15  kg. 

February  3.  Was  etherized.  A  band  was  placed  about  the  inferior  vena  cava 
just  above  the  entrance  of  the  renal  veins,  constricting  the  cava  to  about  one-third 
its  normal  size. 

February  4.  Animal  is  apparently  feeling  very  well,  eats  and  drinks  normally 
and  is  playful. 

February  5  and  6.  Urine'^  shows  a  trace  of  albvmin,  a  few  hyaline  and  granu- 
lar casts;  no  red  blood-cells  or  pus.  Phthalein  output  normal — 70  per  cent,  in  an 
hour.  Lactose  excretion  delayed,  50  per  cent,  excreted  in  four  hours;  positive 
after  eight  hours. 

February  14  and  15.  Wound  has  healed  perfectly.  Dog  apparently  in  normal 
condition. 

Urine:  Albumin  a  trace;  negative  for  blood,  pus  or  casts.  Phthalein  normal, 
52  per  cent,  in  an  hour.  Lactose  excretion  slightly  delayed,  27  per  cent,  for  four 
hours,  still  faintly  positive  at  seven  hours.     Salt  well  concentrated. 

February  27  and  28.  Animal  appears  normal.  Phthalein  65  per  cent.  Potas- 
sium iodid,  forty-eight  hours.  Lactose,  six  hours.  3.7  gm.  salt  excreted  on  a  3 
gm.  intake.  Salt  concentrated  good  1.2  per  cent.  The  kidneys  are  therefore  func- 
tionally normal. 

April  22  to  24.  Animal  is  normal  apparently.  Urine  shows  a  trace  of  albumin, 
but  sediment  contains  no  abnormal  elements.  Phthalein  60  per  cent.  Potassium 
iodid  48  hours.     Lactose  slightly  delayed — seven  hours. 

May  13.  Animal  is  pregnant.  Urine  excreted  in  fair  amounts.  Specific  gravity 
1,040,  slight  trace  of  albumin.  No  casts  or  blood.  Phthalein  and  salt  normally 
excreted  while  potassium  iodid  requires  sixty  hours.  Lactose  more  delayed  than 
at  last  observation ;  still  strong  in  urine  after  eight  hours. 

.June  1.  The  bitch  gave  birth  to  a  litter  of  pups.  Her  condition  was  excellent. 
No  functional  studies  were  made. 

Bitch  II.— Weight  7.2  kg. 

January  31.  Band  placed  about  inferior  vena  cava  just  above  entrance  of 
renal  veins.    Ether  anesthesia  lasting  one  hour. 

February  1  and  2.  Animal  in  excellent  condition,  behaves  normally.  Urine 
contains  albumin  ^4  to  %  per  cent.,  shows  a  few  granular  casts  and  epithelial  cells. 
Phthalein  output  is  normal,  60  per  cent.  Phloridzin  glycosuria  persisted  four 
hours.  Lactose  excretion  delayed;  urine  strongly  positive  for  sugar  at  end  of 
eight  hours. 

February  5.  Excreted  150  c.c.  of  urine  on  a  500  c.c.  fluid  intake.  Intake  of 
salt  5.4  gm.  with  only  a  trace  excreted.  Urine  shows  only  a  slight  trace  of  albumin 
and  a  few  hyaline  and  granular  casts. 

February  19  to  23.  Animal  apparently  normal.  Phthalein  60  per  cent,  for  one 
hour.  Lactose  is  delayed;  urine  reacting  strongly  at  end  of  seven  hours.  Salt 
excreted  in  good  concentration,  2  per  cent. — 4  gm.  output  on  5  gm.  intake.  Potas- 
sium iodid  requires  seventy-two  hours  for  excretioi:. 

March  8.     Dog  has  developed  distemper.     Chloroformed. 


51.  All  urinalyses  here  recorded  were  made  on  catheter  samples. 
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From  these  experiments  it  is  evident  that  a  moderate  obstruction  to 
the  inferior  vena  cava  above  the  level  of  the  renal  veins  causes  no  serious 
change  in  the  renal  function.  A  persisting  mild  albuminuria  is  produced 
which  is  associated  early  with  the  presence  of  casts.  The  urinary  output 
is  fair  in  amount.  The  excretion  of  lactose  is  markedly  delayed;  salt 
excretion  may  be  somewhat  slow  at  first,  but  later  is  normal.  The 
potassium  iodid  was  delayed  in  one  animal,  normal  in  the  other.  The 
phthalein  was  absolutely  normal  throughout.  That  no  serious  injury  to 
the  renal  function  is  produced  is  evidenced  by  the  subsequent  history  of 
the  animal.  Eventually  a  practically  normal  functional  picture  is 
obtained,  although  slight  albuminuria  persists. 

BANDS  ox  BOTH  RENAL  VEINS 

Bitch  III.— Weight  35  kg. 

December  19.    Moderately  tight  bands  placed  on  both  renal  veins. 

December  21  and  22.  Urine  small  in  amount,  shows  albumin  and  numerous 
red  cells  but  no  casts.  The  phthalein  was  excreted  in  a  mere  trace  on  the  21st,  and 
8  per  cent,  for  one  hour  on  the  22d.     Only  a  trace  of  rosanilin  excreted. 

December  26.  Animal  is  feeling  badly;  walks  about  but  does  not  eat.  Vomits 
after  drinking  small  quantities  of  water.  Wound  is  infected.  Phthalein  and 
rosanilin  were  injected  but  no  trace  of  them  could  be  found  in  urine  at  end  of 
one  hour.     Urine  is  very  scanty,  containing  albumin  and  blood. 

December  28.  Found  dead.  No  careful  study  of  the  condition  of  the  renal 
veins  as  to  thrombosis  or  slipping  of  the  band,  etc.,  was  made. 

Bitch  IV.— Weight  10  kg. 

January  22.    Bands  placed  about  both  renal  veins  causing  marked  congestion. 

January  23.     Animal  is  exceedingly  playful.    Phthalein  output  52  per  cent. 

January  25  to  31.  Animal  in  excellent  condition.  Urine  is  normal  in  amount 
and  contains  albumin  Vs  to  \i  per  cent.  On  some  examinations  the  sediment  con- 
tains a  few  hyaline  and  granular  casts  and  a  few  red  blood  cells  while  at  other 
examinations  sediment  is  normal.  The  phthalein  is  excreted  normally,  52  per  cent, 
in  one  hour.  Rosanilin  is  also  well  excreted.  Potassium  iodid  is  markedly  delayed, 
100  hours  being  required  for  total  excretion.  Lactose  is  markedly  delayed,  while 
salt  is  excreted  normally — 1.4  per  cent,  and  absolute  output  5  gm.  on  a  5.2  gm. 
intake.     The  glycosuria  following  phloridzin  is  very  slightly  prolonged. 

February  14  and  15.  Animal  in  excellent  condition.  Phthalein  output  65 
per  cent.  Salt  excreted  well  1.5  per  cent,  concentration  and  6.5  gm.  absolute  on  a 
6  gm.  intake.  Potassium  iodid  excretion  still  delayed — eighty  hours.  Lactose 
slightly  delayed — six  to  seven  hours.  Urine  plentifully  excreted,  500  e.c.  on  600 
c.c.  intake  of  water.     Sediment  negative  for  pus,  blood  and  casts. 

February  20.  The  abdomen  was  again  opened.  Both  kidneys  were  seen  to  be 
enlarged  and  markedly  engorged.  The  capsular  veins  were  strikingly  enlarged  and 
tortuous.  The  left  kidney  was  removed  for  histological  study.  The  band  was 
found  in  place  surrounded  by  fibrous  tissue  and  the  veins  not  thrombosed. 

A  BAND  ON  LEFT  RENAL  VEIN;  RIGHT-SIDED  NEPHRECTOMY 

A  more  pronounced  grade  of  congestion  was  attempted  through  a 
right-sided  nephrectomy  and  a  band  about  the  vein  of  the  remaining 
kidney.  The  effect  of  such  a  procedure  on  the  renal  function  was  studied 
on  several  dogs,  the  results  appearing  in  Table  1. 
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From  a  study  of  this  table  it  is  at  once  evident  that  a  kidney  sub- 
jected to  such  usage  does  not  sufEer  seriously  over  any  great  period  of 
time.  Even  on  the  day  following  the  operation  the  animal  may  appear 
normal.  The  urine  is  fair  in  amount,  contains  some  albumin,  red  blood- 
cells,  a  few  hyaline  and  granular  casts,  but  the  phthalein  output  in  many 
instances  is  little,  if  any,  reduced.  The  lactose,  however,  is  invariably 
delayed  markedly,  the  excretion  of  potassium  iodid  is  usually  considerably 
delayed  and  the  salt  not  well  excreted.  As  time  progresses  it  becomes 
more  apparent  that  the  functional  injury  is  slight — the  phthalein  output 
rapidly  increasing  to  normal,  if  it  has  been  at  all  reduced.  Weeks  or 
months  after  the  operation  the  animal  is  normal  to  all  appearances.  A 
urinalysis,  however,  usually  reveals  a  trace  of  albumin,  in  which  micro- 
scopically a  few  granular  and  hyaline  casts  are  seen.  A  functional  study 
shows  normal  phthalein,  iodid  and  salt  excretion,  while  the  lactose  is 
slightly  delayed. 

The  establishment  of  a  good  collateral  circulation  was  thought  to  be 
probably  responsible  for  the  rapid  return  to  normal  of  the  kidney 
function. 

The  effect  of  ligating  the  vessels  chiefly  involved  in  collateral  circula- 
tion of  the  kidney  simultaneously  with  the  operation  described  above  was 
investigated.  The  band  was  placed  about  the  renal  vein  at  its  entrance 
to  the  inferior  vena  cava.  The  ovarian  vein,  at  its  entrance  to  the  renal, 
as  well  as  one  of  its  branches,  a  large  vein  which  passes  from  the  lower 
pole  of  the  kidney  to  the  ovary,  was  ligated.  In  some  instances  one  of 
the  lumbar  veins  and  the  suprarenal  vein  were  also  tied. 

The  results  obtained  from  a  study  of  this  series  of  animals  are  shown 
in  Table  2.  These  animals  can  be  divided  into  two  groups:  Group  I, 
including  animals  IX,  X,  XI  and  XV,  in  which  the  bands  were  of 
moderate  tightness  only,  and  Group  II,  in  which  the  bands  were  made 
very  tight.  All  four  animals  of  Group  I  show  a  normal,  or  only  slightly 
reduced,  phthalein  output  at  fk'st.  The  quantity  of  urine  excreted  was 
large,  contained  albumin,  but  blood  and  casts  were  absent  in  two  animals. 
The  lactose  was  markedly  delayed  in  all,  salt  excreted  fairly  well  in  two, 
and  the  iodid  normally  in  two  and  delayed  in  another. 

Dogs  IX  and  X  both  showed  a  sudden  marked  drop  in  the  phthalein 
output  four  or  five  days  after  the  operation.  The  first  subsequent  exam- 
ination of  the  urine  showed  large  numbers  of  red  blood-cells,  probably 
indicating  the  occurrence  of  thrombosis  in  the  renal  vein,  inasmuch  as 
thrombosis  was  encountered  at  autopsy  in  each  case.  Dog  X  was  par- 
ticularly interesting,  living  for  more  than  a  week  with  a  low  phthalein 
output,  the  lactose,  salt  and  iodid  excretion  being  also  very  low.  The 
urine  was  plentiful  and  of  low  specific  gravity,  contained  much  albumin, 
numerous  red  cells  and  a  few  casts.    The  dog  throughout  this  period  was 
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only  in  fair  condition,  at  times  playful  and  sprightly,  but  on  the  whole 
inclined  to  lie  quietly  and  to  sleep.     Vomiting  occurred  at  intervals. 

Dog  XV  differed  from  the  others  of  this  group  in  that  only  one  col- 
lateral channel  was  ligated,  e.  g.,  the  ovarian  vein  just  at  its  entrance  to 
the  renal  vein.  On  the  third  day  following  operation  the  animal  was 
only  in  fair  condition.  The  urine  was  large  in  amount,  containing  con- 
siderable albumin  and  casts.  The  phthalein  and  iodid  output  were 
normal,  while  lactose  was  markedly  delayed  and  salt  excreted  with  great 
difficulty.  At  this  time  it  became  apparent  that  the  dog  was  developing 
distemper.  Later,  on  the  seventh  to  the  ninth  days  the  albumin  had 
disappeared  and  the  only  abnormal  constituent  present  in  the  sediment 
was  an  occasional  cast,  the  phthalein  output  being  practically  normal  — 
42  per  cent.  On  the  ninth  day  the  animal  died,  the  autopsy  revealing  a 
marked  typical  bronchopneumonia,  no  peritonitis,  an  immense  left  kidney 
with  a  tremendous  amount  of  collateral  circulation  and  beginning  throm- 
bosis, localized  in  the  vein  at  the  site  of  the  band. 

Group  II  is  composed  of  two  dogs,  XIII  and  XIV.  The  bands  placed 
on  the  renal  veins  of  these  dogs  were  very  small.  In  Dog  XIV  the 
ovarian,  and  the  veins  at  the  lower  pole  which  empty  into  the  ovarian, 
lumbar  and  suprarenal  veins  were  ligated.  Both  animals  were  exceed- 
ingly sick  from  the  time  of  operation  until  death.  Dog  XIII  excreted 
only  a  few  cubic  centimeters  of  urine  after  the  operation.  This  was  full 
of  blood  and  no  phthalein  was  recovered  within  an  hour.  The  animal 
died  after  forty-eight  hours.  The  kidney  was  found  much  enlarged,  the 
band  in  place,  with  thrombosis  of  the  vein.  A  tremendous  subcapsular 
hemorrhage,  the  blood  having  partially  dissected  the  capsule,  was  found. 
The  kidney  showed  marked  chronic  passive  congestion. 

Dog  XIV  excreted  325  c.c.  of  urine  on  an  intake  of  200  c.c.  of  water 
on  the  day  following  operation.  The  urine  contained  albumin,  blood  and 
casts.  The  phthalein  output  was  only  1.5  per  cent.,  and  the  lactose 
markedly  delayed.  As  the  animal  was  vomiting  repeatedly,  the  salt  and 
iodid  were  administered  by  an  intracardiac  injection.  The  iodid  was 
entirely  excreted  within  twenty-four  hours,  but  the  salt  was  poorly 
excreted.  Again  on  the  following  day  only  a  trace  of  phthalein  was 
recovered.  The  animal  died  on  the  fourth  day.  The  kidney  was  double 
the  normal  size  with  the  band  in  place.  The  vein  was  patent  at  the  site 
of  the  band,  but  thrombosed  distally.  The  capsular  and  ovarian  veins 
were  markedly  engorged  and  a  peculiar  fleshy-like  tissue  (probably 
hemorrhage)  was  found  between  the  layers  of  the  capsule  in  the  region 
of  the  pelvis  of  the  kidney.  The  animal  also  showed  some  broncho- 
pneumonia. 

To  show  the  similarity  of  Cases  XIII  and  XIV,  from  the  point  of 
view  of  urinary  and  pathological  findings,  to  the  picture  following  a 
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sudden  complete  ligature  of  the  renal  vein  after  removal  of  the  opposite 
kidney,  the  data  relating  to  Dog  XII  is  included  in  this  table.  On  the 
day  following  operation  the  animal  was  very  ill  and  only  a  few  cubic 
centimeters  of  bloody  urine  could  be  obtained  on  catheterization.  This 
contained  casts  of  various  kinds — hyaline,  granular  and  blood.  After 
this  no  urine  was  obtained.  At  autopsy  the  kidney  was  found  to  weigh 
52.5  gm.  (E.  34  gm.)  and  to  be  dark  violet  in  color.  Between  the  layers 
of  the  capsule  and  in  the  tissues  just  outside  of  the  capsule  about  the 
renal  and  ovarian  veins  was  a  large  hemorrhage  with  clots  of  dark  blood 
of  varying  age.  The  glomeruli  were  very  distinct  and  markedly  con- 
gested— more  so  than  in  any  other  kidneys  met  with  in  this  study. 

COLLATERAL     CIRCULATION    OF    THE    KIDNEY    FOLLOWING    GRADUAL     BUT 

COMPLETE    OCCLUSION    OF    THE    RENAL   VEIN    AND   THE 

CONDITION    OF   RENAL    FUNCTION   UNDER 

THESE  CIRCUMSTANCES 

It  has  been  suggested  in  the  earlier  part  of  this  paper  that  great 
importance  is  to  be  attached  to  the  development  of  collateral  circulation 
following  gradual  and  progressive  occlusion  of  the  renal  vein.  An  effort 
has  been  made  to  ascertain  just  how  important  collateral  circulation  may 
become  in  determining  the  state  of  renal  function  under  such  conditions. 

Following  the  application  of  the  band  to  the  renal  vein  in  dogs  the 
capsular,  ovarian,  lumbar,  suprarenal  and  ureteral  veins  become  markedly 
engorged  and  distended.  These  enlarged  vessels  present  a  striking  vas- 
cular picture  which  has  been  previously  described  by  Litten. 

The  extent  and  tremendous  importance  of  this  development  of  col- 
lateral circulation  is  indicated  by  the  following  protocols : 

Dog  VIII. — Weight  6  kg. ;  had  the  right  kidney  removed  and  a  moderately  tight 
band  placed  about  the  left  renal  vein  on  January  27.  Three  months  later  the 
renal  function  had  returned  to  normal  save  for  a  slight  albuminuria  and  a  slight 
delay  in  lactose  excretion.  A  second  operation  was  performed  May  16,  at  which 
time  it  was  seen  that  a  tremendous  collateral  circulation  involving  the  capsular, 
ovarian,  lumbar,  and  suprarenal  veins,  had  been  established  and  that  the  renal 
vein  itself  was  relatively  small.  The  renal  vein  was  tied  and  the  abdomen  closed. 
The  animal's  venous  circulation,  therefore,  was  entirely  collateral.  On  the  day 
following  the  operation  urine  was  secreted  which  contained  a  large  amount  of 
albumin,  blood  and  casts,  but  the  phthalein  excretion  was  50  per  cent,  for  an 
hour.  During  the  next  two  days  the  animal  was  in  good  condition.  The  lactose 
was  delayed  over  eight  hours,  but  salt  and  iodid  were  excreted  normally.  At  the 
present  time,  two  weeks  later,  albuminuria  and  delayed  lactose  excretion  still 
persist;  otherwise  the  animal  seems  perfectly  normal. 

Dog  IV. — Weight  10  kg.;  had  bands  placed  about  both  renal  veins  on  Jan.  22, 
1912.  In  the  course  of  a  few  weeks  function  had  returned  practically  to  normal. 
On  February  20  a  second  operation  was  performed,  the  left  kidney  being  removed. 
The  animal  made  a  perfect  recovery  and  the  functions  quickly  again  returned  to 
practically  normal.  On  May  24  a  third  operation  was  performed.  The  right 
kidney  was  found  to  be  greatly  enlarged  and  associated  with  a  tremendous  col- 
lateral circulation.    The  renal  vein  was  tied  at  its  entrance  to  the  vena  cava,  the 
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abdomen  closed  and  the  animal  allowed  to  recover.  On  the  following  day  the 
dog  was  in  good  condition  with  a  fair  urinary  secretion  (250  c.c.)  containing  albu- 
min, blood  and  casts.  The  phthalein  output  was  40  per  cent.  Two  days  later  the 
lactose  was  found  to  be  delayed  for  more  than  eight  hours.  Salt  and  iodid  were 
excreted  normally.  The  animal  was  in  excellent  condition,  but  the  wound  was 
badly  infected. 

lu  two  instances  this  remarkable  condition  has  been  seen,  e.  g.,  an 
animal  living  in  apparently  good  health,  secreting  practically  a  normal 
urine  and  exhibiting  an  excellent  condition  of  renal  function  with  the 
renal  vein  tightly  ligated.  This  affords  striking  evidence  of  the  great 
importance  of  collateral  circulation  where  gradual  obstruction  to  the 
venous  return  from  the  kidney  develops. 

Although,  owing  to  different  anatomical  conditions  in  humans,  so 
great  a  development  of  collateral  circulation  may  not  be  possible,  it 
undoubtedly  is  a  matter  of  extreme  importance  where  gradual  venous 
obstruction  occurs. 

To  .summarize,  then,  it  is  evident  that,  after  a  one-sided  nephrectomy, 
the  application  of  a  moderately  tight  band  about  the  other  renal  vein 
causes  marked  congestion  of  the  remaining  kidney.  The  congestion  is 
associated  at  first  with  the  production  of  a  good  quantitj'  of  urine  which 
contains  usually  albumin  and  casts  and  sometimes  blood.  The  excretory 
capacity  of  the  kidney  is  not  seriously  injured,  as  evidenced  by  a  good 
phthalein  output.  The  excretion  of  lactose  is  always  markedly  delayed, 
as  is  usually  also  that  of  the  iodid  and  salt.  With  the  development  of  a 
good  collateral  circulation  the  congestion  becomes  less  intense,  the 
albumin,  blood  and  casts  become  a  less  pronounced  feature  of  the  urinary 
picture.  The  phthalein,  iodid  and  salt  may  all  be  normally  excreted,  but 
the  lactose  is  still  delayed.  Two  or  three  months  after  such  an  operation 
the  most  probable  abnormalities  will  be  a  verv^  slight  trace  of  albumin 
and  a  delayed  lactose  excretion. 

When  a  moderately  tight  band  is  applied  and  the  collateral  channels 
ligated,  the  same  picture  is  encountered  during  the  following  two  or 
three  days  as  is  seen  when  the  collaterals  are  left  open.  Thrombosis  of 
the  renal  vein  is  apt  to  develop,  however,  and  its  occurrence  is  associated 
with  the  appearance  of  a  large  amount  of  blood  in  the  urine  and  a  sudden 
marked  fall  in  the  phthalein  excretion.  Xausea  and  vomiting  develop. 
The  amount  of  urine  at  first  may  be  large.  All  the  excretory  functions 
finally  fail  and  death  ensues. 

When  an  excessively  tight  band  is  applied  to  the  renal  vein  and  the 
collateral  channels  are  ligated,  the  effect  is  usually  similar  to  that  which 
would  be  encountered  following  complete  ligature;  e.  g.,  large  amounts 
of  albumin  and  blood,  together  with  the  excretion  of  minimal  traces  of 
phthalein,  lactose,  iodid  and  salt.    Thrombosis  occurs  and  death  results. 
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The  magnitude  and  importance  of  the  development  of  collateral  cir- 
culation following  gradual  obstruction  to  the  return  venous  flow  is 
indicated  by  the  demonstration  of  the  possibility  of  animals  living  and 
exhibiting  a  good  renal  function  where  the  occlusion  of  the  renal  vein 
has  been  gradual,  but  complete. 

THE   EFFECT    OF   PLACING  A  BAND   ABOUT   ONE   RENAL   VEIN;   THE   OTHER 
KIDNEY  REMAINING  UNDISTURBED.      URETERAL  CATHE- 
TERIZATION OF  BITCHES 

Experiments  were  also  made  for  the  purpose  of  determining  the  effect 
on  the  urinary  picture  and  on  the  total  renal  function  of  applying  a  band 
to  one  renal  vein,  the  other  kidney  being  undisturbed.  Simultaneously, 
a  comparative  study  was  made  of  the  urine  from  a  normal  kidney  and 
that  from  a  kidney  with  chronic,  passive  congestion  in  the  same  animal. 
By  such  a  method  it  is  possible  to  determine  the  effect  per  se  of  congestion 
on  function. 

In  order  to  determine  the  function  of  each  individual  kidney  it  was, 
of  course,  necessary  to  collect  the  urine  separately  from  the  two  sides. 
This  was  done  by  means  of  ureteral  catheterization  and  was  accomplished 
without  discomfort  to  the  dog.  The  animal  was  tied  down  on  its  back 
with  comfortable  holding  straps  and  the  ureteral  catheters  introduced  in 
the  manner  constantly  employed  in  the  clinic. 

In  order  to  use  the  ordinary  instruments  for  ureteral  catheterization, 
large  bitches  are  necessary.  It  would  be  possible  to  use  comparatively 
small  bitches  if  a  single-barrelled  catheterizing  instrument  large  enough 
to  carry  a  single  Xo.  6  F.  catheter  were  employed.  In  order,  however, 
to  catheterize  both  ureters,  and  at  the  same  time  carry  catheters  large 
enough  to  obturate  them  effectively,  an  instrument  of  at  least  24  F.  must 
be  employed.  The  ureteral  orifices  are  readily  recognized  in  the  bitch, 
and  as  a  rule  but  little  difficulty  is  encountered  in  entering  them.  But, 
owing  to  the  curved  course  of  the  ureter  in  the  vesical  portion,  passing 
the  catheter  higher  than  2  cm.  frequently  requires  considerable  manipu- 
lation. 

The  Brown-Buerger  catheterizing  cystoscope  No.  24  F.  and  No.  6 
flute-end  catheters  were  used  in  all  of  our  experiments.  When  the 
internal  orifices  cannot  be  recognized  readily,  an  injection  of  indigo 
carmin  intramuscularly  will,  within  a  few  minutes,  clearly  indicate  their 
positions. 

BrrcH  XVI. — Weight  18  kg.;  showed  a  normal  renal  function  as  determined 
by  functional  tests.  On  January  18,  a  moderately  tight  band  was  applied  about 
the  left  renal  vein.    Five  days  later  the  phthalein  output  was  practically  normal. 

On  February  9,  both  ureters  were  catheterized  without  anesthesia  by  the  technic 
described  above.    The  urine  was  obtained  for  twenty  minute  periods  as  follows : 


L.     G.     ROWNTREE—R.     FITZ—J.     T.     GERAQHTY  141 

Table  3. — Ubine  from  Bitch  XVI  With  Band  On  Left  Renal  Vein 

FIBST   PERIOD 


Amount, 
c.c. 

Sulphone- 

Indigo 

phthalein, 
Per  Cent. 

Carmin, 
Per  Cent. 

Sp.  Gr. 

Urea,  Gm. 

-O 

■*s 

-tj 

-u 

-ij 

^ 

^ 

^ 

^ 

X 

«*-! 

M) 

tJC 

t-i 

bo 

tt-i 

bo 

bJO 

^^ 

M 

h3 

« 

►J 

« 

i-I 

s 

h) 

« 

1.9 

*1.0 

63.3 

100 

59.0 

100 

1.010 

1.030 

0.0145 

0.015 

SECOND  PERIOD 


2.1 


1.3 


64.7 


100 


64.1 


100 


1.005 


1.014 


0.015 


0.021 


*The  urine  from  the  side  having  the  smaller  amount  was  diluted  to  the  quan- 
tity of  the  other  and  then  the  two  urines  compared  in  the  Duboscq  colorimeter. 
The  diluted  urine  of  the  right  side  was  much  more  intensely  colored  than  that  of 
the  left.  In  these  tables  the  relative  amount  of  dye  substance  of  the  side  con- 
taining the  smaller  amount  is  expressed  as  percentage  of  the  other. 

Table  4. — Urinary  Findings  in  Bitch  XVI  After  300  c.c.  Water  By 

Stomach  Tube 

first  period 


Urine 
c.c. 


Sp.  Gr. 


Sulphone- 
phthalein, 
Per  Cent. 


Indigo 
Carmin, 
Per  Cent. 


Sodium 

Chlorid, 

Per  Cent. 


i^      ■ 

Right 

a. 

Right 

+5 

'bb 

6.7 

5.0 

1.010 

1.017 

79.0 

100 

78 

100 

second  period 

6.0 

7.0 

1.010 

1.019 

73.2 

100 

67 

100 

0.20 

0.36 

third  period 

4.3 

6.9 

1.010 

1.010 

.... 

February  16,  300  c.c.  of  water  was  given  by  stomach  tube  one-half  hour  before 
catheters  were  in  place.  The  right  ureter  was  catheterized  and  the  urine  of  the  left 
side  collected  transvesically.  The  leakage  was  practically  zero — not  more  than  0.5 
c.c.  for  any  period  of  twenty  minutes. 


142 


THE     ARCHIVES     OF    INTERNAL     MEDICINE 


On  March  19,  a  phthalein  test  was  made  in  the  usual  way,  showing  an  output 
of  70  per  cent,  in  one  hour. 

On  April  3,  the  animal  was  killed  by  bleeding,  owing  to  severe  septic  infection 
from  a  wound  in  the  leg.  The  kidneys  were  found  to  be  of  about  equal  weight, 
48  gm.  each.  The  band  was  in  place,  exerting  but  moderate  pressure  on  the  vein, 
which  was  patent  and  free  from  thrombosis.  The  cut  surface  of  the  kidney  did 
not  exhibit  marked  evidence  of  congestion.  There  was  thinning  of  the  cortex  in 
two  or  three  areas  at  the  lower  pole,  over  which  areas  the  capsule  was  found  to 
be  adherent.  The  capsular  veins  of  the  left  kidney  were  markedly  engorged  and 
there  was  considerable  enlargement  of  the  vessels  concerned  in  the  collateral  cir- 
culation. 

Bitch  XXII. — Weight  8  kg.;  was  subjected  to  operation  on  May  10  and  a 
moderately  tight  band  placed  about  the  left  renal  vein.  Ten  days  later  the  animal 
was  in  excellent  condition,  the  phthalein  output  normal.  Chlorbutanol  was  admin- 
istered by  stomach  tube,  the  lower  abdominal  wall  opened  in  the  median  line  and 
the  bladder  exposed.  The  urethra  was  tied  and  the  bladder  sewed  down  the  mid- 
dle from  the  urethra  to  the  apex  of  the  bladder,  with  a  fine  needle  and  fine  silk. 
A  glass  bladder-cannula  was  then  placed  in  each  half  of  the  bladder.  In  order  to 
start  urinary  secretion  it  was  found  necessary  to  inject  40  c.c.  of  5  per  cent.  NaCl 
solution  intravenously.  The  urine  was  then  collected  from  each  side  separately 
for  one  hour  periods.     The  results  of  these  studies  are  tabulated  below: 

Table  5. — Ubinaey  Findings  in  Bitch  XXII  With  Band  Aeound  Left 

Renal  Vein 

first  period 


Sulphone- 
U"ne,              gp   Qj.           phthalein, 
^■^-                                      Per  Cent. 

Urea, 

Mg. 

Per  c.c. 

Indigo 
Carmin, 
Per  Cent. 

Lactose, 
Gm. 

Carbol- 

fuchsin, 

Per 

Cent. 

5 

1-:; 

"So 

aj 

'5b 

S 

t-3 

"to 

5 

2 

"a3 

Hi 

"Si) 

s 

16.7 

14.0 

1.013 

1.009 

83 

100 

4       10 

1 

Total  phthalein  output  46  per  cent,  for  one  hour. 

second  period 


16.4       15.0  I   1.034  I   1.035 


I   10  I   15 


I   1-1       1-1 


third  period 


10.5       12.4      1.031       1.028 


93 


100 


FOURTH  period 


10.8 


11.2 

1.015       1.007 

60 

100 


Total  N.  from  10  c.c.  of  mixed  urine  from  left  side,  0.0536  gm. 
Total  N.  from  10  c.c.  of  mixed  urine  from  right  side,  0.0658  gm. 
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On  opening  the  abdomen  the  left  kidney  appeared  considerably  larger  than  the 
right  and  a  good  collateral  circulation  had  developed.  In  order  to  demonstrate 
that  there  was  no  communication  between  the  two  halves  of  the  bladder,  water 
was  slowly  injected  into  one  half,  and  recovered  through  the  corresponding 
catheter,  without  any  ilow  from  the  other  side.  The  animal  was  killed  by  bleed- 
ing.   The  right  kidney  weighed  25  gm.  and  the  left  25.5  gm. 

These  experiments  are  interesting  and  instructive  from  several  points 
of  view.  A  greater  excretion  of  urine  has  been  encountered  on  the  side 
vs^here  the  venous  return  was  obstructed  in  several  observations  which,  in 
one  case,  extended  over  a  period  of  weeks.  This  hears  out  the  contention 
of  Schicarz  as  to  the  possibility  of  encountering  increased  urinary  output 
with  obstruction  to  venous  return,  and  directly  disproves  the  claims  of 
Paneth  and  de  Souza.  It  shows,  further,  that  even  in  the  presence  of  the 
relative  polyuria  on  the  congested  side  that  the  per  cent,  of  solids,  as 
indicated  by  the  phthalein,  indigo-car min,  lactose,  urea  and  salt  content, 
is  greater  from  the  normal  than  from  the  congested  side.  The  experi- 
ments further  suggest  that  the  water  goes  by  preference  through  the 
slightly  congested  kidney,  whereas  the  excretion  of  solids  is  considerably 
interfered  with.  The  uniform  relative  excretion  of  the  same  dye  on 
different  occasions,  as  well  as  the  parallelism  of  the  excretion  of  different 
dyes  at  the  same  observation,  is  exceedingly  striking.  The  truth  of 
Albarran's  claim,  i.  e.,  that  with  forced  fluid  the  extra  demand  for  secre- 
tion is  responded  to  by  the  normal  kidney,  is  demonstrated  by  the  greater 
output  of  water  from  the  right  kidney  in  the  second  and  third  period  of 
the  first  experiment.  The  excess  from  the  right  kidney  began  at  the 
proper  period  at  which  the  polyuria  should  appear.  The  fact  that  the 
water  only,  and  not  the  salt,  lactose,  carbol-fuchsin,  the  indigo-carmin 
and  phthalein,  are  increased  is  also  significant, 

BANDS  ON  THE  AORTA  BELOW  LEVEL  OF  EENAL  AETERIES 

A  greater  quantity  of  blood  was  directed  through  the  kidney  by 
cutting  off  to  a  considerable  degree  its  escape  from  the  aorta  below. 
Moderately  tight  bands,  which  constricted  the  aorta  to  approximately 
half  its  normal  diameter,  were  applied  just  above  its  bifurcation.  This 
experiment  alone  was  performed  on  one  animal,  combined  with  a  nephrec- 
tomy on  a  second,  and  with  nephrectomy  and  a  band  on  the  renal  vein 
on  the  third.    The  following  protocols  indicate  the  results : 

Bitch  XVI. — Weight  5.5  kg.,  operated  on  February  12.  A  fairly  tight  band 
was  placed  on  the  aorta  below  the  renal  arteries  so  that  the  vessel  was  decidedly 
larger  above  and  smaller  but  still  pulsated  below  the  band. 

February  13-16.  Dog  in  excellent  condition.  Normal  quantity  of  urine  con- 
taining a  few  hyaline  and  granular  casts.  Phthalein  and  salt  excreted  normally; 
iodid  delayed  to  seventy  hours.    Lactose  delayed  to  seven  hours. 

February  27-28.  Phthalein,  salt,  iodid  and  lactose  all  excreted  normally. 
Animal  in  good  condition.    Here  we  have  an  entirely  normal  renal  function. 
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March  4.    Animal  developed  distemper  and  died. 

Autopsy:  Bronchopneumonia.  No  peritonitis.  The  aortic  band  is  in  place 
buried  in  fibrous  tissue.  The  aorta  is  patent,  standing  out  well  above  band,  but 
is  much  smaller  below.  The  kidneys  are  probably  slightly  enlarged,  and  combined 
weight  50  gm. ;  are  dark  blue  in  color. 

Hyperemia,  therefore,  caused  the  appearance  of  casts  in  the  urine, 
together  with  a  delayed  lactose  and  iodid  output,  which  rapidly  returned 
to  normal. 

Bitch  IX. — Weight  7  kg.;  had  a  right-sided  nephrectomy  and  a  tight  band 
about  the  aorta  just  above  its  bifurcation,  on  February  17.  On  the  following 
three  days  the  animal  was  in  poor  condition,  showing  evidences  of  peritonitis.  The 
urine  output  was  rather  small  in  amount,  the  phthalein  and  iodid  normal,  lactose 
delayed  and  salt  poorly  excreted.  On  the  23rd  the  animal  was  chloroformed.  The 
aulopsy  revealed  peritonitis  and  retroperitoneal  abscesses.  The  band  was  found 
in  place,  the  aorta  enlarged  above  it.  The  kidney  was  dark,  purplish-red  in  color, 
deeply  engorged  and  weighed  45  gm.    The  capsule  strips  readily. 

Dog  XVIII. — Weight  9  kg.;  March  4  had  a  right- sided  nephrectomy  performed, 
the  kidney  weighing  38.5  gm.  A  band  was  placed  on  the  aorta  just  above  its 
bifurcation,  causing  marked  constriction,  and  a  second  band  of  moderate  size  was 
placed  about  the  renal  vein  at  its  entrance  into  the  vena  cava. 

March  5.  Animal  in  good  condition  exhibiting  a  polyuria — 1,000  c.c.  output  on 
700  c.c.  water  intake.  Urine  contains  a  trace  of  albumin  and  a  few  hyaline  casts, 
but  no  blood  cells.  The  phthalein  output  is  reduced  to  29  per  cent.  Lactose 
delayed  to  seven  hours;  iodid  normal.  The  salt  is  excreted  poorly  in  low  concen- 
tration, .09  per  cent.,  yielding  a  total  of  .9  gm.  on  a  3  gm.  intake. 

March  6.  Polyuria  persists — 900  c.c.  urine  on  700  c.c.  water  intake.  Salt 
concentration  low — 0.11  per  cent. 

March  7.  Phthalein  output  normal,  50  per  cent.  Polyuria  750  c.c.  on  700  c.c. 
intake.    Salt  concentration  is  low — 0.12  per  cent. 

March  8.  Phthalein  normal,  lactose  delayed — eight  hours;  iodid  seventy-two 
hours.    The  fluid  excretion  was  not  noted. 

March  11.  Phthalein  normal,  60  per  cent.  Animal  shows  signs  of  distemper 
developing.     Urine  contains  a  trace  of  albumin,  but  no  casts  or  blood. 

March  13.  Animal  died  with  symptoms  of  distemper.  At  autopsy  the  kidney 
was  found  intensely  congested.  Weight  60  gm.  Both  bands  were  in  place  and 
both  vessels  patent.  An  abscess  containing  about  5  c.c.  of  pus  was  found  in  the 
region  of  the  aortic  band.     Some  fibrinous  peritonitis  was  also  found. 

This  experiment  is  of  peculiar  interest  on  account  of  the  occurrence 
of  a  definite  persisting  polyuria  associated  with  venous  obstruction,  which 
coexists  with  an  excessive  amount  of  blood  flowing  into  the  kidney. 

CONTROLS 

It  was  considered  desirable  to  see  what  effect  on  the  renal  function 
was  produced  by  simple  unilateral  nephrectomy.  The  first  dog,  in  addi- 
tion to  a  right-sided  nephrectomy,  had  the  left  renal  vein  isolated  from 
the  surrounding  tissue  just  as  is  done  in  each  of  the  experiments  when 
the  band  is  applied. 

Dog  XX. — Weight  6.9  kg.;  nephrectomy  performed  on  February  26. 
February  27.     Phthalein   57   per   cent.     Iodid   eighty   hours.     Lactose  eight 
hours  -|-.     Sodium  chlorid  excreted  in  good  concentration. 
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March  18  and  19.  Urine  normal  in  quantity.  No  albumin  or  blood,  an  occa- 
sional hyaline  cast.  The  phthalein  output  was  normal,  as  was  also  the  salt.  The 
lactose  was  very  slightly  delayed — 6^^  hours;  but  the  iodid  was  not  excreted  in 
less  than  seventy-two  hours. 

April  14.  The  phthalein,  salt,  iodid  and  lactose  were  absolutely  normally 
excreted,  and  the  urine  itself  was  entirely  normal. 

Dog  XXI, — Weight  5  kg.,  April  24.     Right  kidney  removed;  weight  17.8  gm. 

April  25.  Phthalein  38  per  cent.;  slightest  trace  of  albumin,  an  occasional 
cast  seen  in  centrifugalized  specimen. 

April  27.  Phthalein  normal — 55  per  cent.  Lactose  delayed  seven  hours,  salt 
excretion  somewhat  delayed. 

May  3  to  9.  The  salt,  lactose  and  phthalein  excretions  are  all  normal,  the 
only  abnormal  urinary  feature  being  a  very  faint  trace  of  albumin. 

Simple  one-sided  nephrectomy  in  a  healthy  dog,  therefore,  causes  but 
slight  change  in  the  renal  function  which  is  of  short  duration. 

INCOAGULABLE    NITROGEN   OF   THE   BLOOD   IN    CHRONIC 
PASSIVE    CONGESTION 

In  five  cases  of  animals  with  a  moderate  degree  of  chronic  passive 
congestion,  and  with  relatively  normal  renal  function,  and  in  one  with 
marked  congestion,  the  incoagulable  nitrogen  of  the  blood  was  estimated. 
The  technic  employed  was  as  follows :  10  c.c.  of  blood  was  withdrawn 
from  the  heart  and  placed  in  115  c.c.  of  95  per  cent,  alcohol  to  precipitate 
the  albumin.  This  was  filtered,  and  100  c.c.  of  the  filtrate  evaporated  to 
dryness.  The  total  nitrogen  of  this  residue,  representing  8  c.c.  of  blood, 
was  estimated  by  Kjeldahl's  method.  In  the  five  nearly  normal  cases,  the 
nitrogen  was  not  increased  above  0.50  gm.  per  liter  of  blood.  In  the  dog 
with  advanced  congestion,  the  nitrogen  was  increased  to  0.60  gm.  per 
liter. 

It  can  be  concluded,  therefore,  that  mild  experimental  chronic  passive 
congestion  in  dogs  does  not  produce  an  accumulation  of  incoagulable 
nitrogen  in  the  blood. 

HISTOLOGICAL  STUDY 

The  histological  study^^  of  the  kidneys  removed  at  autopsy  was  made 
as  follows:  The  kidneys  were  fixed  in  formaldehyd  solution  or  Zenker's 
fluid,  cut  and  stained  with  hematoxylin  and  eosin.  The  microscopic 
study  in  all  cases  revealed  varying  degrees  of  chronic  passive  congestion 
of  all  the  vessels  and  capillaries.  In  certain  of  the  cases  there  were  foci  of 
leukocytes  or  small  abscesses.  In  one  case  there  was  considerable  increase 
in  connective  tissue  suggesting  a  chronic  nephritis.  Whether  this  was 
due  or  not  to  the  congestion  cannot  be  stated.  On  the  whole,  histologi- 
cally, it  seems  that  by  this  method,  chronic  passive  congestion  of  varying 
intensity  is  produced  without  an  accompanying  chronic  nephritis. 


52.   A   further   study   of   the   histological   changes   following   more   prolonged 
chronic  passive  congestion  is  intended. 
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CONCLUSIONS 

1.  By  the  teehnic  described  it  is  possible  to  produce  over  short  periods 
any  grade  of  chronic  passive  congestion  desired. 

2.  Slight  experimental  chronic  passive  congestion  of  the  kidney  is 
characterized  by  (a)  a  normal  quantity  of  urine  which  contains  a  trace 
of  albumin,  intermittently  a  few  hyaline  and  granular  casts  and  occa- 
sionally a  few  red  blood-cells;  (b)  the  functional  capacity  varies  but 
little  from  normal,  since  phthalein,  salt  and  potassium  iodid  may  be  all 
normally  excreted,  while  lactose  excretion  is  but  slightly  delayed. 

3.  Moderate  experimental  passive  congestion  of  the  kidneys  is  char- 
acterized by  (a)  a  fair  amount  of  urine  containing  albumin,  casts  and 
frequently  red  blood-cells;  (b)  a  total  excretory  capacity  which  is  appar- 
ently not  markedly  decreased,  since  the  phthalein  excretion  is  usually 
normal.  The  excretion  of  salt  is  usually  somewhat  decreased,  that  of 
potassium  iodid  variable,  that  of  lactose  invariably  delayed. 

4.  Marked  experimental  chronic  passive  congestion  of  the  kidneys  is 
characterized  by  (a)  very  scanty  amounts  of  urine  containing  a  large 
amount  of  albumin,  casts  and  red  blood-cells;  (b)  a  much  reduced  func- 
tional capacity,  since  the  phthalein,  salt  and  lactose  excretions  are 
markedly  delayed,  as  is  also  frequently  that  of  iodid. 

5.  Albuminuria  is  almost  a  constant  accompaniment  of  experimental 
passive  congestion,  casts  are  usually  present,  and  red  blood-cells  appear 
if  the  congestion  is  of  any  considerable  degree. 

6.  Lactose  excretion  is  the  first  to  become  affected  by  increasing 
grades  of  chronic  passive  congestion ;  then  the  excretion  of  salt  and  iodid, 
and  lastly,  that  of  phthalein. 

7.  The  phthalein  test  gives  the  most  reliable  information  concerning 
the  degree  of  renal  insufficiency  in  experimental  chronic  passive  con- 
gestion. Marked  delay  in  the  excretion  of  lactose,  iodid  and  salt  has, 
indeed,  been  encountered  in  animals  showing  a  normal  phthalein  output. 
These  animals  were,  however,  apparently  in  good  general  condition, 
while  subsequent  events  showed  that  they  remained  in  good  condition. 
On  the  other  hand,  a  marked  decrease  in  phthalein  excretion  has  invari- 
ably been  associated  with  the  development  of  clinical  manifestations, 
indicating  renal  inadequacy  and  followed  by  death.  The  phthalein  test 
is,  therefore,  the  test  of  greatest  prognostic  importance  in  chronic  passive 
congestion, 

8.  Lactose,  while  of  least  value  in  revealing  the  degree  of  involvement 
of  renal  function  in  experimental  chronic  passive  congestion  of  the 
kidney,  is  of  the  greatest  value  in  detecting  its  existence.  It  is,  there- 
fore, of  these  tests  that  of  greatest  diagnostic,  but  of  least  prognostic 
value. 
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9.  The  excretion  of  potassium  iodid  is  usually  prolonged  in  experi- 
mental chronic  passive  congestion  of  the  kidney.  The  time  of  elimina- 
tion of  this  drug  is,  however,  so  variable  that  the  test  proves  practically 
valueless  in  this  connection. 

10.  The  excretion  of  sodium  chlorid  is  usually  decreased  where  mod- 
erate or  marked  experimental  passive  congestion  is  present. 

11.  Partial  obstruction  to  venous  return  through  the  renal  vein  is  not 
invariably  associated  with  decreased  urinary  secretion.  In  an  apparently 
normal  unanesthetized  or  anesthetized  (chlorbutanol)  animal  which  has 
partial  occlusion  of  one  renal  vein  only,  more  urine  is  sometimes  excreted 
from  the  congested  kidney,  while  the  solids  are  excreted  in  greater  con- 
centration from  the  normal  side. 

1.3.  Where  gradual  progressive  obstruction  to  the  renal  vein  occurs, 
the  development  of  a  collateral  circulation  is  of  great  importance  in 
maintaining  the  functional  capacity  of  the  kidney  since  an  efficient  renal 
function  may  be  encountered  when  the  venous  return  from  the  kidney  is 
entirely  collateral.  On  the  other  hand,  ligation  of  collateral  vessels, 
simultaneously  with  a  moderate  degree  of  obstruction  to  the  renal  vein, 
usually  results  in  renal  inefficiency  and  death. 

13.  An  excessive  flow  of  blood  through  the  kidney  simultaneously  with 
an  obstruction  to  its  outflow  may  be  followed  by  polyuria. 

14.  Mild  grades  of  experimental  chronic  passive  congestion  are  not 
associated  with  the  accumulation  of  incoagulable  nitrogen  in  the  blood. 

15.  Varying  degrees  of  chronic  passive  congestion  which  are  unasso- 
ciated  with  nephritis  are  produced  by  the  above-described  procedures. 


AN  EXPEKIMENTAL  STUDY  OF  POISON  OAK* 

EDWARD  VON  ADELUNG,  M.D. 

OAKLAND,    CAL. 

While  it  is  true  that  poison  oak  and  its  sister  plants  have  rarely,  if 
ever,  caused  a  death,  it  is  also  true  that  a  large  majority  of  people  living 
in  the  temperate  zones  find  their  enjo}Tiient  of  the  country  seriously 
curtailed  by  the  menace  of  these  noxious  plants.  And  besides  this 
restriction  of  healthful  pleasures,  there  is  an  unestimated  monetary  loss 
to  laborers  and  construction  companies  operating  in  infested  regions, 
which  I  am  sure  is  not  inconsiderable.  Yet  in  spite  of  these  well-known 
facts,  very  little  has  been  attempted,  and  still  less  accomplished,  to  abate 
this  wide-spread  evil. 

SKETCH  OF  PLANT 

The  plants  specially  referred  to  are  poison  oak  (Rhus  diversiloha) , 
poison  ivy  (R.  toxicodendron)  and  poison  sumach  {R.  venenata),  which 
form  a  widely  distributed  group.  The  poison  ivy^  is  found  in  abundance 
throughout  the  United  States  as  far  west  as  eastern  Texas,  eastern 
Kansas  and  Minnesota,  and  in  greater  or  less  abundance  throughout  the 
less  arid  regions  of  the  west,  with  the  exception  of  California  and  the 
western  parts  of  Oregon  and  Washington,  where  it  appears  to  be  entirely 
replaced  by  the  poison  oak.  The  plants  are  very  similar  to  each  other, 
each  being  a  shrub  that  trails  along  the  ground,  or  climbs  fences,  trees 
or  brush,  or  in  many  instances  stands  erect  independently.  It  does  not 
frequent  the  higher  mountains.  The  irregularly  lobulated  and  dentated 
leaves  of  the  poison  oak  are  a  beautiful  red  when  young,  and  an  equally 
attractive  russet  when  old,  rendering  them  enticing  to  the  uninitiated. 
The  fine  hairs  that  are  found  on  the  leaves,  especially  along  the  margins, 
are  supposed  by  some  to  carry  the  poison  when  wafted  by  breezes,  thus 
explaining  poisoning  at  a  distance.  The  berries  and  blossoms  are  green 
and  extremely  poisonous.  But  the  berries  turn  white  as  they  ripen,  lose 
their  poison  and  are  often  eaten  by  birds,  which  are  the  means  of  dis- 
tributing the  plants  over  so  wide  a  territory. 

THE   TOXIC    PRINCIPLE    NON-VOLATILE 

While  poison  oak,  poison  ivy  and  poison  sumach  differ  botanically, 
their  juices  seem  to  be  chemically  identical.  Franz  Pfaff,^  of  the  Harvard 
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Medical  School,  in  his  excellent  monograph,  states  that  the  poison  is 
identical  in  the  ivy  and  in  the  oak.  That  the  dermatitis  caused  by  either 
plant  is  identical  clinically,  has  been  recognized  for  a  long  time.  Several 
attempts  have  been  made  to  isolate  chemically  the  poisonous  principle  of 
the  plants.  This  problem  is  of  special  importance  because  it  underlies 
much  of  the  clinical  and  biologic  work. 

The  earliest  attack  on  this  difficult  problem  was  made  in  1779  by 
van  Mons,^  who  concluded  that  the  poison  was  a  "gaseous  hydrocarbon," 
emanating  from  the  plant  only  at  night  or  on  cloudy  days.  Lavini, 
writing  thirty-three  years  later  (1825),  also  believed  the  poison  to  be  a 
gas  exhaled  at  night,  but  thought  it  was  not  a  hydrocarbon.  Another 
thirty-three  years  then  elapsed  before  Khittell  (1858)  analyzed  the  plant 
and  derived  his  "rhustannic  acid."  But  he  said  that  there  was  also  a 
volatile,  toxic  alkaloid.  In  1865,  Maisch  isolated  his  "toxicodendric  acid," 
again  a  volatile  substance.  Then  followed  two  Japanese,  Ishimatsu  and 
Yoshida  (1882  and  1883),  who  also  concurred  that  the  toxic  agent  is 
volatile.  The  chemical  problem  really  had  but  little  light  thrown  on  it 
until  Pfaff  approached  the  problem  from  the  clinical  viewpoint  and 
showed  that  Maisch's  "toxicodendric  acid"  is  entirely  inert;  indeed, 
nothing  but  acetic  acid,  and  that  contrary  to  all  previous  impressions, 
the  toxin  is  actually  a  non- volatile  substance  which  he  extracted  and 
named  "toxicodendrol"  on  account  of  its  oily  appearance.  Of  this  sub- 
stance, as  little  as  1/1,000  mg.  suffices  to  produce  the  typical  dermatitis.^ 
All  parts  of  the  plant  yield  toxieodendrol,  the  leaves  and  green  berries, 
however,  more  in  proportion  to  weight.  The  best  and  most  recent 
chemical  study  of  the  toxin  is  than  of  W.  A.  Syme,*  whose  dissertation  on 
"Some  Constituents  of  the  Poison  Ivy,"  was  accepted  by  Johns  Hopkins 
University  in  granting  him  the  degree  of  Ph.D.  in  1906.  His  analysis 
shows  that  the  poison  is  a  complex  substance  of  a  glucosidal  nature, 
yielding,  on  analysis,  gallic  acid,  fisetin  and  rhamnose.  The  poison  was 
again  shown  to  be  non-volatile,  even  when  mixed  with  acetic  acid  (with 
which  it  is  naturally  associated  in  the  plant),  or  with  alcohol. 

Thus  it  is  seen  that  for  a  hundred  and  eighteen  years,  from  van  Mons 
to  Pfaff,  the  opinion  prevailed  that  the  toxin  was  volatile  —  a  natural 
conclusion  in  the  presence  of  the  common  observation  that  persons  are 
poisoned  while  simply  passing  near  the  plant,  without  actual  contact. 
The  importance  of  Pfaff's  work,  confirmed  and  enlarged  by  Syme,  is 
therefore  evident.  Before  dismissing  the  subject  of  the  nature  of  the 
poison,  it  may  be  noted  that  a  bacterial  theory  had  its  supporters,  but  its 
proponent  (Burrill,  1882)  admitted  (1895)  that  proof  was  lacking.  That 


3.  L.   E.   Warren   has   compiled   an   extensive   and  excellent   bibliography  in 
The  Midland  Druggist  and  Pharmaceutical  Review,  1910,  xliv,  Nos.  3,  4  and  5. 

4.  W.  A.  Syme:  Johns  Hopkins  Univ.  Bulletin,  1906,  "Some  Constituents  of 
the  Poison  Ivy  Plant." 
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tBe  poison  is  not  bacterial  is  to-day  very  clear,  although  bacteria  often 
play  an  important  role  as  agents  in  secondary  infection. 

POISONING  WITHOUT  CONTACT 

The  toxic  principle  having  been  shown  to  be  non-volatile,  the  prac- 
tical question  immediately  presents  itself,  how  does  poisoning  at  a 
distance  occur?  That  persons  are  poisoned  without  direct  contact  with 
the  plant  is  too  common  an  observation  to  be  denied.  The  explanation 
is  doubtless  the  mechanical  transportation  of  the  poison,  as  happens  when 
the  pollen,  or  the  plant  hairs,  or  other  dust  from  the  plant  is  carried  by 
air-currents.  Or,  perhaps  as  commonly,  the  transporting  agents  are 
simply  clothes,  or  tools  or  animals,  which,  after  brushing  against  the 
plant,  are  able  to  transfer  the  poison  to  susceptible  persons.  Such 
explanations  are  easily  acceptable  when  one  remembers  how  minute  a 
quantity  suffices  to  induce  inflammation.  In  order  to  show  that  the 
poison  is  not  volatile  the  following  experiment  was  made : 

Experiment  1. — Young,  fresh  poison  oak  leaves  v.ere  crowded  into  a  glass  tube, 
one  end  of  which  was  closed  with  cotton.  Holding  this  end  against  the  skin  of  a 
susceptible  person,  air  was  blown  through  the  tube.  The  spot  struck  by  the  air 
current  was  then  covered  with  zinc  oxid  plaster  to  retain  what  poison  might  have 
been  deposited,  and  after  forty-eight  hours  the  spot  was  inspected.  Were  the 
poison  volatile,  dermatitis  should  have  resulted.     The  result  was  negative. 

On  the  other  hand,  I  was  severely  poisoned  by  the  dust  raised  while 
handling  the  dried  plants  in  the  laboratory. 

SMOKE  FROM  BUENING   PLANTS  IS   POISONOUS 

Another  fact  of  interest,  amply  sustained  by  popular  personal  testi- 
mony, is  that  the  smoke  of  burning  rhus  plants  is  especially  toxic.  This 
is  somewhat  surprising  after  reading  Pfaff's  statement^  that  "toxico- 
dendrol  is  decomposed  easily  by  heat."  The  degree  of  heat  required  is 
not  mentioned.    On  this  point  the  following  experiment  was  made : 

Experiment  2. — Fresh  green  leaves  were  placed  in  a  test-tube  closed  with  cotton, 
and  submerged  (except  the  open  end)  in  boiling  water  for  one  hour.  Dermatitis 
was  readily  secured  by  contact  with  the  boiled  leaves,  thus  showing  that  the 
poison  is  not  destroyed  by  100  C.  for  one  hour. 

The  literature  presents  no  evidence  on  this  point.  The  above  experi- 
ment supports  the  popular  belief  that  smoke  from  burning  rhus  (espe- 
cially if  the  plant  is  green)  carries  the  poisonous  juice  of  the  plant.  It 
is  probable  that  in  a  heated  state  the  juice  more  readily  penetrates  the 
epidermis  and  causes  toxic  inflammation. 

Experiment  S. — In  order  to  make  this  test  more  positive,  dried  rhus  leaves  were 
crowded  into  a  glass  tube,  to  one  end  of  which  was  attached  a  rubber  mouth  piece. 
The  glass  was  then  held  in  the  flame  until  the  leaves  burned.  While  blowing 
gently  through  the  tube,  the  smoky  current  was  Caused  to  impinge  on  the  skin 
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of  a  susceptible  person.  The  spot  was  then  covered  with  zinc  oxid  plaster  to  retain 
what  poison  may  have  been  deposited.  Characteristic  dermatitis  developed  in 
twenty-four  hours. 

THE    OCCURRENCE    OF    THE    ERUPTION" 

Because  the  spots  of  dermatitis  often  break  out  successively  in  widely 
separated  areas  of  the  skin,  the  impression  has  gained  credence  that  the 
poison  is  distributed  by  the  blood-stream — a  matter  of  considerable 
importance  in  its  bearing  on  the  pathology  and  treatment  of  the  disorder. 
Light  was  thrown  on  this  question  by  Pearson  (1880),  who  showed 
experimentally  that  serum  from  the  vesicles  is  not  toxic.  I  have 
repeatedly  tried  in  vain  to  produce  dermatitis  by  rubbing  in  the  serum 
from  vesicles.  Chestnut^  also  concludes  that  the  dermatitis  is  purely 
local,  and  is  never  distributed  by  the  blood.  The  following  experiment 
is  deemed  conclusive  on  this  point : 

Experiment  4- — I  frequently  poisoned  limited  skin  areas  and  prevented  any 
spread  of  the  toxin  by  covering  it  immediately  with  zinc-oxid  plaster.  Under  these 
conditions  a  dermatitis  never  occurs  in  any  other  than  the  exact  spot  where  the 
toxin  is  applied. 

It  is  easily  conceived,  however,  that  in  natural  exposures  several 
elements  would  tend  towards  the  occurrence  of  dermatitis  in  crops  rather 
than  at  all  points  simultaneously.  Before  all  the  poison  has  penetrated, 
some  of  it  might  easily  be  transferred  to  other  areas,  thus  producing  a 
new  crop.  Again,  the  poison  might  be  transferred  to  new  areas  from 
clothes  or  hair.  Furthermore,  it  is  not  unlikely  that  where  the  skin  is 
thin,  as  on  the  face,  wrists,  etc.,  the  time  necessary  for  penetration — the 
latent  period — is  shorter  than  where  the  skin  is  thicker — again  account- 
ing for  succession  rather  than  for  simultaneity. 

PHYSIOLOGICAL  PATHOLOGY 

The  exact  physiological  nature  of  the  poisoning  by  rhus  juice  has 
never  been  studied.  This  is  not  surprising  when  one  realizes  that  the 
exact  nature  of  the  toxin  is  still  not  fully  known.  The  chemical  problems 
must  first  be  solved  before  the  physiologist  can  offer  any  explanation  of 
why  this  peculiar  glucoside  should  cause  inflammation.  That  there  are 
variations  in  general  or  local  susceptibility  in  different  individuals  and 
in  the  same  individual  at  different  times,  cannot  be  doubted.  But  the 
exact  property  of  cells  or  fluids  of  the  body  that  determines  susceptibility 
to  rhus  is  as  yet  a  mystery. 

RELATION  TO  SWEAT  REACTION 

Misled  by  Maiseh's  statement  that  the  poison  was  an  acid,  I  made  a 
series  of  observations  some  years  ago  on  sweat  reactions  as  determined  by 
litmus  paper,  to  see  whether  acidity  or  alkalinity  of  the  sweat  bears  any 
relation  to  susceptibility  to  the  poison. 
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Experiment  5. — A  number  of  sweat  reactions  were  taken  and  recorded,  each 
person  being  asked  whether  he  was  susceptible  to  the  poison.  Of  each  class — acid, 
alkaline,  and  neutral — there  were  some  susceptible  and  some  immune.  Among 
them  was  one  person  with  strongly  acid  sweat  who  was  extremely  susceptible. 
But  there  was  another  equally  susceptible  whose  leaction  was  strongly  alkaline. 
So  that  no  relation  to  sweat  reaction  could  be  determined  even  though  account 
was  taken  of  the  physiological  change  of  reaction  during  exercise. 

VACCINATION"   AND    IMMUNITY 

Considerable  popular  testimony  is  available  upholding  the  possibility 
of  vaccination  against  rhus  by  ingestion  of  the  plant  or  its  derivatives. 
There  are  those  who  state  that  the  tincture  of  the  fluid  extract  taken 
internally  prevents  attacks  on  subsequent  contact  with  the  plant.  Like- 
wise, many  persons  claim  to  have  gained  immunity  by  chewing  or  eating 
small  quantities  of  the  rhus  leaves.  This  prophylactic  measure  is  said  to 
have  been  found  valuable  by  the  engineers  of  the  Union  Pacific  Eailroad 
Company  while  the  line  was  being  built  through  poison  oak  country. 
Similar  testimony  is  obtained  from  residents  in  the  Adirondack  Moun- 
tains. And  I  am  told  by  an  eye  witness  that  Indians  and  other  residents 
of  New  Mexico  habitually  eat  the  leaves  each  spring  to  avoid  poisoning 
during  the  summer.  Experimental  confirmation  or  scientific  observation 
of  these  folk-sayings  is,  however,  entirely  lacking.  But  they  open  the 
large  question  of  acquired  immunity.  Ford^  states  that  there  is  no 
difficulty  in  showing  that  many  persons  are  quite  resistant  to  the  action 
of  rhus  toxin.  On  the  other  hand,  the  same  writer  expresses  the  opinion 
that  the  so-called  natural  immunity  is  really  an  acquired  immunity.  He 
raises  the  question,  obviously  difficult  to  answer,  whether  "the  cases  of 
supposed  natural  immunity  do  not  occur  in  individuals  in  whom  as  chil- 
dren the  effects  from  handling  the  plant  have  gradually  worn  off,  the 
original  dermatitis  having  been  so  insignificant  as  to  have  escaped  notice, 
or  being  so  many  years  distant  as  to  have  been  forgotten."  He  concludes 
that  complete  natural  immunity,  when  put  to  experimental  test,  is 
exceedingly  rare.  Warren®  likewise  thinks  that  "the  belief  in  absolute 
immunity  is  a  delusion."  Desiring  to  settle  this  question  by  experimental 
evidence  I  made  the  following  tests : 

EXPERIMENTS  ON  IMMUNES 

Experiment  6. — A.  B.  claims  he  acquired  immunity'  through  several  severe 
attacks.  A  fresh  rhus  leaf  was  applied  to  each  forearm  and  held  in  place  by 
plaster.     Both  applications  caused  marked  dermatitis. 

Experiment  7. — E.  L.  claims  natural  immunity  from  birth.  A  fresh  rhus  leaf 
was  applied  to  each  arm  and  held  in  place  by  plaster.  Slight  dermatitis  was 
caused  on  each  arm. 


5.  W.  W.  Ford:  "Antibodies  to  Glucosides  with  Special  Reference  to  Rhus  Toxi- 
codendron," Journal  Infectious  Diseases,  19OT,  iv.  No.  4. 

6.  L.  E.  Warren:   "The  Poisonous  Principle  of  Rhus,"  Pharmaceutical  Jour., 
Oct.  30,  Nov.  6,  1909. 
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Experiment  8. — D.  S.  claims  acquired  immunity  except  from  the  smoke.  A 
fresh  leaf  was  applied  to  each  arm  and  held  in  place  by  plaster.  Both  spots 
showed  dermatitis. 

Experiment  9. — J.  C.  claims  natural  immunity  from  birth.  She  therefore 
offered  to  gather  rhus  leaves  for  me.  While  bringing  them  in  she  held  them  as 
one  does  a  bouquet,  against  her  chest.  The  waist  being  cut  low  permitted  the 
leaves  to  touch  the  skin.   Numerous  mild  spots  of  dermatitis  developed. 

Experiment  10. — E.  F.  claims  immunity  from  birth.  She  accompanied  J.  C. 
gathering  leaves.  But  she  developed  no  dermatitis.  Believing  her  immune,  she 
was  engaged  to  gather  a  larger  quantity  of  leaves.  After  this  exposure  of  about 
three  hours  among  the  February  leaves,  she  developed  numerous  troublesome  spots. 

Experiment  11. — L.  A.  claims  immunity  from  birth.  Tested  with  tincture  of 
rhus  on  forearms,  he  developed  red  itching  spots. 

Experiment  12. — A.  E.  claims  immunity  from  birth.  He  never  has  been 
poisoned,  though  exposed. 

Test  1:  Rubbed  fresh  green  leaves  on  forearm.  Result  negative,  though 
observed  for  one  week. 

Test  2:     Put  active  tincture  on  arm.     Result  negative  after  several  days. 

Test  3 :  Applied  alcohol  solution  of  pure  toxin  to  the  wrist.  Result  nega- 
tive after  three  days. 

Test  4:  Applied  same  to  forearm  and  covered  with  plaster.  Result  nega- 
tive after  three  days. 

Test  5:  Applied  active  tincture  rhus  to  forearm,  covered  with  zinc  oxid 
plaster.     Result  negative  after  several  days. 

Test  6:  Believing  him  immune,  he  was  sent  to  gather  a  sack  of  leaves. 
Eleven  days  later  he  noticed  spots  of  dermatitis  with  itching  and  his  face 
became  swollen.     Rhus  dermatitis  was  markedly  developed  on  face  and  arms. 

Thus  of  seven  "immunes"  tested,  all  responded  to  the  poison.  This 
indicates  universal  susceptibility  to  this  toxin. 

ANIMAL   IMMUNITY 

Whether  immunity  can  be  induced  experimentally  in  animals  is  an 
important  problem  that  was  attacked  by  W.  W.  Ford^  (1907).  His 
experiments  were  done  on  rabbits  and  guinea-pigs,  using  fresh  fluid 
extract  of  Rhus  toxicodendron.  He  states  that  after  subcutaneous  injec- 
tion of  a  toxic  dose,  there  elapses  a  latent  period  of  seven  or  eight  days 
in  which  the  animal  loses  weight  and  dies  at  the  end  of  another  week  of 
nephritis.  Incidentally,  a  slough  is  formed  at  the  site  of  injection.  The 
estimated  toxic  dose  for  a  250  gm.  guinea-pig  was  0.25  c.c,  and  for  an 
800  gm.  rabbit,  1  c.c.  On  the  basis  of  these  toxic  doses,  he  gave  repeated 
small  doses  at  intervals  of  a  few  days,  and  claims  to  have  immunized 
animals  so  that  they  resisted  successfully  five  or  six  times  their  fatal  dose. 

Such  immunized  animals  showed  no  nephritis  when  killed.  The 
serum  from  these  immunized  animals  protected  other  animals  completely 
against  fatal  doses  of  fluid  extract  of  rhus.  Thus  Ford  appears  to  have 
produced  active  and  passive  immunity  in  these  animals.  These  results, 
however,  are  inconclusive  because  of  the  unfortunately  small  number  of 
experiments,  and  because  of  the  material  used — the  fluid  alcoholic  extract, 
which  contains,  besides  an  indefinite  amount  of  rhus  toxin,  various  unde- 
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termined  extractives  of  the  plant,  some  glycerin,  and  as  much  as  58  per 
cent,  of  alcohol.  Furthermore,  in  a  personal  communication  Ford  states 
that  he  was  unable  to  get  the  same  results  a  second  time,  attributing 
the  failure  to  impotency  of  the  fluid  extract. 

COMMEKCIAL    FLUID    EXTEACT    OF    EHUS 

An  attempt  was  made  to  repeat  Ford's  work  on  animals,  but  the  doses 
he  found  to  be  toxic  were  without  effect.  The  material  used  was  Wyeth's 
fluid  extract  of  Rhus  radicansJ    The  result  is  seen  in  Table  1. 

Table   1. — Subcutaneous   Injections   of   Guinea-Pigs   with   Wyeth's    Fluid 
ExTBACT  OF  Rhus  Radicans,  Containing  58  Per  Cent  Alcohol 

Vn     Wpiaht    Wyeth's     Time  Ob- 
"  c.c.  Days 

1  585  5  5  In  24  hours  sick;  dead  5  days. 

5  240  3  1/6       Drunk  5  minutes;  dead  1  day. 

9  440  1  16  Negative;  gained  weight  steadily ;  no  induration 

Although  the  larger  doses  kill  guinea-pigs,  controls  with  the  corre- 
sponding amount  of  alcohol  alone,  died,  and  exhibited  the  same  indura- 
tion and  necrosis  at  the  injection  site  as  described  by  Ford  (see  Guinea- 
pigs  10,  18,  20  and  19,  Table  2). 

Table  2. — Guinea-Pigs  Receiving  Subcutaneous  Injections  of  Alcohol 

Time  Ob- 
served, Result 
Days 
19          Induratipn  and  necrosis. 

Drunk ;  dead  in  few  minutes. 

Drunk ;  dead  in  few  minutes. 

17  Stupid;    large  necrosis;   died. 

2  Site  softened,  wt.=420  gm. 

10  Large    necrosis;    wt.=250    gm.;    died; 

no  nephritis. 
20         310         2.0         60         2.0  9  Drunk;   necrosis;   wt.=250  gm.;   died; 

infected;  no  nephritis. 
19  360         2.0         98  1.0  11  Drunk;    necrosis;    wt.=220  gm.;   died; 

infected;  no  nephritis. 

Tables  3  and  4  seem  to  indicate  that  the  alcohol  solution  of  rhus  toxin 
is  somewhat  more  toxic  than  the  same  amount  of  alcohol  alone.  However, 
the  short  time  intervening  between  the  injection  and  death  argues  in 
favor  of  the  alcohol  alone  being  responsible  for  the  death.  This  is  referred 
to  later. 


No.  Weight, 
Pig   Gms. 

Alcohol, 
c.c. 

Per 

Cent. 

Water, 
c.c. 

8         280 

1.0 

95 

G         210 

3.0 

95 

4         335 

3.0 

95 

10         440 

1.5 

95 

18         410 

1.0 

60 

18         420 

2.0 

60 

7.  Rhus  toxicodendron. 
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Table  3. — Results  of  Intravenous  Injections  of  95  Per  Cent.  Alcohol  in 

Eabbits 


Rabbit 

Weight, 

No. 

Gms. 

10 

2140 

6 

1050 

10 

2040 

4 

2560 

5 

1500 

7 

780 

Alcohol,     Time  Observed 
95  Per  Cent.         Days 


Result 


0.5 
1.0 
1.0 
1.0 
1.0 
2.0 


% 


Negative 
Negative 
Negative 
Negative 
Negative 
Died 


Table  4. — Results  of  Intravenous  Injections  of  Alcoholic  Solution  of  Rhus 

Toxin  in  Rabbits 


Rabbit      Weight, 

Toxin, 

Alcohol,  98 

Time  Observed         Result 

No.           Gms. 

Gms. 

Per  Cent.,  c.c 

;.     Days 

6             1015 

0.0125 

0.5 

5 

Negative 

6             1160 

0.0125 

0.5 

7* 

Negative 

10             2240 

0.0125 

0.5 

7 

Negative 

4             2550 

0.0125 

0.5 

7 

Negative 

4             2560 

0.01625 

0.65 

Died  immediately 

9             2045 

0.025 

1.0 

Died  immediately 

11             2580 

0.025 

0.5 

46 

Negative 

8             1900 

0.05 

2.0 

Died  immediately 

*Additional. 

Not  desiring  to  work  further  with  a  substance  containing  an  unknown 
quantity  of  the  poison,  besides  alcohol,  glycerin  and  other  undetermined 
substances  in  considerable  quantities,  the  plant  was  collected  and  the 
pure  toxin  extracted  after  the  method  recommended  by  Syme :  Fresh 
leaves  of  poison  oak  are  thoroughly  extracted  with  absolute  alcohol. 
After  filtration,  lead  acetate  in  water  is  added  till  precipitation  is  com- 
plete. The  precipitate  is  then  washed  well  and  dried  at  a  low  tempera- 
ture, when  it  is  extracted  in  Soxhlet  extractors  for  at  least  ten  hours. 
The  ether  extract  is  then  mixed  up  with  water  and  treated  with  hydrogen 
sulphid,  to  separate  the  lead.  The  water  and  ether  are  then  separated, 
the  ether  filtered,  and  well  washed,  after  which  it  is  evaporated  at  a  low 
temperature.  The  presence  of  the  toxin  is  then  confirmed  by  testing  for 
glucoside  (Molisch's  test)  and  by  application  to  the  skin,  the  physiological 
test.  This  toxin  was  carefully  weighed  and  dissolved  in  absolute  alcohol, 
so  that  1  c.c.  contained  0.0125  of  pure  toxin. 


INTRAVENOUS  ADMINISTRATION   OF    SUSPENSION 

Noting  that  alcoholic  menstruums,  such  as  the  fluid  extract,  produce 
marked  induration  at  the  site  of  subcutaneous  injection,  thus  rendering 
problematic  the  amount  of  toxin  entering  the  general  system,  it  was  deter- 
mined to  introduce  the  toxin  intravenously.  But  both  alcohol  and  ether 
when  employed  in  workable  quantities,  intravenously,  cause  clotting  of 
the  blood,  obliterating  the  vessels,  and  resulting  in  rapid  death  from  heart 
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clots.  After  studying  various  other  possible  solvents  for  the  toxic 
glucosid/  a  suspension  was  finally  settled  on.  It  was  prepared  by  taking 
the  desired  dose  of  toxin  dissolved  in  absolute  alcohol,  and  mixing  it 
with  freshly  sterilized  distilled  water  (0.5  to  2  c.c).  This  yields  a  sus- 
pension of  the  toxin  so  fine  that  it  does  not  separate  after  standing  for 
several  months.  The  addition  of  normal  saline  solution,  however,  does 
cause  it  to  precipitate  inside  of  forty-eight  hours.  That  this  suspension 
is  still  toxic  was  proved  by  tests  on  my  arm.  Such  a  suspension  is  readily 
and  safely  introduced  into  the  blood-stream  without  causing  clotting  or 
death  in  the  doses  used. 

Table  5. — Inteavenous  Injections  of  Rabbits  with  Suspension  of 

Rhus  Toxin 


Weight, 
Gms. 

Toxin, 
Gms. 

Alcohol, 
c.c. 

Water, 
c.c. 

Time  Ob- 
served, 
Days 

Result 

10 

2360 

.003125 

.125 

.375 

5 

Negative 

10 

2280 

.003125 

.125 

.375 

6* 

Negative 

10 

2180 

.0125 

.5 

.5 

5* 

Negative 

10 

2260 

.0125 

.5 

.5 

8* 

Negative 

12 

1650 

.025 

1. 

2. 

30 

Negative 

16 

2410 

.0228 

1. 

2. 

30 

Gained  weight 

16 

2675 

.0228 

1. 

1. 

11* 

Dead;  pleuro-pneumonia;  no 
nephritis. 

15 

2300 

.0456 

2. 

2. 

23 

Negative 

13 

2170 

.0684 

3. 

2. 

30 

Site  necrosed 

18 

1700 

.0456 

2. 

1. 

Died  immediately 

*Days  additional. 

The  suspension  was  also  given  to  guinea-pigs,  subcutaneously,  as 
shown  in  Table  6,  without  deaths  from  the  toxin,  though  it  caused 
induration  and  necrosis  at  the  site  of  injection. 

Table  6. — Subcutaneous  Injection  of  Guinea-Pigs  with  Suspension  of 

Rhus  Toxin 


o  '^ 


So 

Id 

12 

470 

.0125 

.5 

.75 

21 

13 

330 

.0125 

.5 

.75 

21 

14 

500 

.025 

1.0 

1.5 

17 

15 

280 

.03875 

1.5 

3.5 

12 

16 

300 

.0228 

1.0 

1. 

33 

17 

430 

.0456 

2. 

1. 

29 

Result 


Slight  induration 
Slight  induration 
Induration  and  necrosis 
Induration  and  necrosis 
No  nephritis.     Necrosis.    Died 
No  nephritis.    Necrosis.    Died. 


8.  The  toxin  is  insoluble  in  glycerin  or  in  rabbit  serum. 
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COMPAKISON  OF  DOSAGE 


In  my  extraction  of  the  rhns  plants,  I  found  that  the  plant  yields  in 
pure  toxin  about  1/1,000  of  its  weight.  One  e.c.  of  the  fluid  extract  used 
represents  1  gm.  of  the  plant.  From  these  data  it  is  assumed  that  1  c.c. 
fluid  extract  contains  0.001  pure  toxin.  But  the  fluid  extract  is  made  by 
extracting  the  plant  with  65  per  cent,  alcohol,  whereas  I  used  95  per 
cent.,  which  extracts  much  more  toxin.  The  disparity  of  toxicity  was 
also  clearly  demonstrated  by  tests  on  my  arm.  So  that  while  the  above 
dosage  appears  small,  the  toxicity  as  compared  with  the  fluid  extract  is 
satisfactory.  Thus  while  Ford  found  0.25  c.c.  fluid  extract  fatal  for  a 
250  gm.  guinea-pig,  the  dose  in  terms  of  pure  toxin,  0.0031  gm.,  or 
.0000123  gm.  toxin  per  gram  weight  of  pig,  is  very  much  smaller  than  T 
was  able  to  give — 0.03875  gm.  or  .0001385  gm.  toxin  per  gram  weight  of 
pig,  as  illustrated  by  Guinea-Pig  15,  Table  6.  And  even  in  terms  of  fluid 
extract,  if  one  might  assume  that  the  extract  Ford  used  was  of  equal 
toxicity  to  mine,  I  was  able  to  give  a  larger  dose,  as  illustrated  by  Guinea- 
Pig  9,  Table  1.  The  doses  I  used  were  not  fatal,  the  deaths  occurring 
from  intercurrent  diseases,  and  showing  no  nephritis. 

CUTANEOUS   TESTS 

From  clinical  observation  of  human  cases,  and  from  the  internal 
administration  to  animals,^  the  toxin  appears  to  have  a  selective  action 
for  epithelial  cells.  For  this  reason  it  is  customary  to  experiment  on  the 
cutaneous  surfaces  of  animals.  Observations  of  this  character  indicate 
clearly  that  individuals  of  the  same  species  vary  widely  in  their  suscep- 
tibility to  rhus  poisoning,  as  witnessed  by  the  following  experiments  on 
rabbits  and  a  monkey  (Table  7).  Of  ten  rabbits  tested  by  applying  rhus 
poison  to  shaved  spots  on  the  outer  surface  of  their  ears,  seven  failed  to 
develop  any  dermatitis  at  all.  Although  the  pure  toxin  was  applied 
thoroughly  to  the  thin  skin  of  the  monkey,  the  test  was  absolutely  nega- 
tive, observed  for  one  month. 

Table  7. — Results  of  Applying  Rhlis  Toxin  to  the  Skin  of  Animals 

Time  Observed 
Rabbit  No.  Materials  Used  Days  Result 

1  Fluid  extract   90  Negative 

3  Pure  toxin    18  Negative 

5  Pure  toxin 14  Negative 

4  10  per  cent,  tinct 14  Negative 

2  Green  leaves   2  Positive 

6  Pure  toxin    14  Positive 

4         Pure  toxin    5  Positive 

11         Alcohol  sol.  toxin  14  Negative 

18        Alcohol  sol.  toxin   14  Negative 

17         Alcoholic  sol.  toxin 14  Negative 

Monkey.  Pure  toxin   (left  eyelid  and  chin)...  30  Negative 
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THE  ANTIGENIC   PEOPEETIES   OF  EHUS   TOXIN 

The  possibility  of  producing  an  antitoxic  serum  is  so  attractive  that 
special  study  was  made  as  to  the  possibility  of  artificial  immunization  of 
animals.  M3'  experiments  on  this  point  indicate  clearly  that  the  toxin 
is  not  in  itself  fatal  for  rabbits  and  guinea-pigs,  and,  therefore,  no  anti- 
toxic action  of  an  immune  serum  could  be  tested  on  these  animals.  It  is, 
however,  well  known,  that  the  Bordet-Gengou  fixation  reaction  serves  to 
detect  antibodies  in  an  immune  serum  and  the  demonstration  of  such 
substances  was  sought  for  in  rabbits  that  had  received  several  doses  of  the 
toxin.  The  test  was  made  with  the  sera  of  three  animals,  treated  as 
follows : 


Table  8.- 

-Rabbit  19. 

Date 

Weight, 
Gms. 

Aug.     6 

1920 

Aug.     9 

1980 

Aug.  10 

2040 

Aug.  14 

2020 

Aug.  16 

1970 

Aug.  20 

2030 

Aug.  27 

Immunization.    Intravenous  Injections  of  Suspension 
OF  Rhus  Toxin 

Toxin,  98  Per  Cent.  Water        Results 

Gms.  Alcohol,  c.c.         c.c. 
0.0228  1  1         Normal 

..  ..         Edema   of  ear 

0.0228  1  1 

0.0228  1  1 

0.0228  1  1         Large  necrosis  of  ear 

. .  . .         Bled  to  death  for  serum 


Table  9. — Rabbit  15.  Immunization.    Intravenous  Injection  of  Suspension 

OF  Rhus  Toxin 


Date 

Aug.  10 
Aug.  14 
Aug.  16 
Aug.  20 
Aug.  25 
Aug.  27 


Weight, 
Gms. 
2190 
2260 
2230 
2180 


Toxin, 
Gms. 
0.0228 
0.0228 
0.0228 
0.0228 


98  Per  Cent. 
Alcohol,  c.c. 

1 
1 
1 
1 


Water 
c.c. 
1 
1 
1 
1 


Results 
Normal 


Large  necrosis  ear 

Littered  six 

Bled  to  death  for  serum 


Table  10..— Rabbit  13. 


Date 

Aug.  10 
Aug.  14 
Aug.  15 
Aug.  16 
Aug.  20 
Aug.  24 


Weight, 
Gms. 
2190 
2160 
215a 
2140 
2160 
2180 


Intensive  Immunization.    Intravenous  Injection  of 
Suspension  of  Rhus  Toxin 


Toxin, 
Gms. 
0.0456 
0.0228 
0.0228 
0.0228 


98  Per  Cent. 
Alcohol,  c.c. 

2 

1 

1 

1 


Water 
c.c. 
2 
1 
1 
1 


Results 

Normal 
Normal 
Edema  of  ears 


Large  necrosis  ear 

Bled  to  death  for  serum 


With  the  sera  from  these  supposedly  immunized  animals,  viz. :  Eabbits 
19,  15  and  13,  the  fixation  test  was  done  as  indicated  in  the  experiment 
shown  in  Table  11,  which  includes  appropriate  controls. 
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Table  11. — Results  of  Fixation  Tests  with  Sebum  fbom  Immunized  Animals* 


Tube 

Rhus 

An-     Immune  Se 

rum 

No. 

tigen, 

c.c.               56°,  e.c 

c.c. 

Hemolysis 

1 

"x»            ] 

I             No.   19, 

0.3 

Alexin, 

0.1 

+ 

25 

minutes 

2 

"y" 

L             No.   10, 

0.3 

Alexin, 

0.1 

+ 

15 

minutes 

3 

"z"            ] 

L             No.  19, 

0.3 

Alexin, 

0.1 

+ 

15 

minutes 

4 

"x" 

L             Norm.  Rab 

0.3 

Alexin, 

0.1 

+ 

25 

minutes 

5 

"y"        ] 

Norm.  Rab. 

0.3 

Alexin, 

0.1 

+ 

15 

minutes 

6 

"z"             ] 

Norm.  Rab. 

0.3 

Alexin, 

0.1 

+ 

15 

minutes 

7 

Saline      ] 

L             No.   19, 

0.3 

Alexin, 

0.1 

+ 

15 

minutes 

8 

"x"            ] 

L             Saline 

0.3 

Saline 

0.1 

0 

9 

"y"        ] 

L             Saline 

0.3 

Saline 

0.1 

0 

10 

"z»             ] 

L             Saline 

0.3 

Saline 

0.1 

0 

11 

"x"           ] 

L            No.  15, 

0.3 

Alexin, 

0.1 

+ 

15 

minutes 

12 

"y"         ] 

L             No.  15, 

0.3 

Alexin, 

0.1 

+ 

15 

minutes 

13 

"z"             ] 

L             No.  15, 

0.3 

Alexin, 

0.1 

+ 

15 

minutes 

14 

"x"            ] 

L             No.  13, 

0.3 

Alexin, 

0.1 

+ 

18 

hours 

15 

"y"        ] 

L             No.   13, 

0.3 

Alexin, 

0.1 

+ 

1 

hr.  15  min 

16 

"z"            ] 

L             No.   13, 

0.3 

Alexin, 

0.1 

+ 

1 

hour 

17 

Saline      ] 

L             No.  15, 

0.3 

Alexin, 

0.1 

+ 

15 

minutes 

18 

Saline      ] 

L             No.   13, 

0.3 

Alexin, 

0.1 

+ 

1 

hour 

*Incubated  37°  one  hour;  then  added  to  each  tube  1  c.c.  5  per  cent,  saline  sus- 
pension sheep  corpuscles,  sensitized;  incubated  1%  hours. 

Note;  Antigen=Suspension  of  Rhus  diversiloba  toxin  in  normal  saline,  made 
from  saturated  alcoholic  solution  of  toxin,  in  following  proportions: 

"x''=5  per  cent,  saturated  alcoholic  solution  with  normal  saline. 

"y"=.5  per  cent,  saturated  alcoholic  solution  with  normal  saline. 

"z''=.05  per  cent,  saturated  alcoholic  solution  with  normal  saline. 

Alexin^Normal  guinea-pig  serum,  18  hours  old,  10  per  cent,  in  normal  saline. 

It  is  seen  that  these  hemolytic  tests  failed  to  demonstrate  the  presence 
of  antibodies  by  the  Bordet-Gengou  method  in  the  sera  of  rabbits  that 
had  received  repeated  doses  of  the  toxin.  The  conclitsion  suggested  is 
that  attempts  to  demonstrate  antibodies  in  rahhits  treated  with  rhus  toxin 
are  futile.  This  does  not  exclude  the  possibility  of  tissue  immunity. 
Nevertheless,  contrary  to  the  reported  experience  of  others,  I  am  still 
as  sensitive  to  poison  oak  as  ever,  though  I  have  been  severely  poisoned, 
accidentally,  on  many  occasions,  and  have  poisoned  limited  areas  experi- 
mentally a  great  many  times. 


THEKAPEUTIC  TESTS 

In  addition  to  the  above  investigations  into  the  nature  and  action  of 
the  toxin,  some  observations  and  experiments  were  made  testing  ther- 
apeutic and  prophylactic  measures.  Two  methods  were  employed  in 
studying  therapy;  some  persons  were  poisoned  in  the  usual  accidental  way 
by  exposure  to  the  plant  in  the  country,  and  in  other  cases  the  dermatitis 
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was  purposely  induced^  by  applying  the  toxin,  either  pure  or  in  some 
menstruum.  The  latter  method  is  preferred  because  symmetrical  spots 
can  be  chosen,  and  the  usual  variables  in  individuals  eliminated.  In  cases 
of  accidental  poisoning  the  worse  half  of  the  body  was  selected  for  testing 
the  therapeutic  agent,  the  milder  half  being  used  for  control.  The 
prophylactic  measures  were  tried  on  myself.  The  clinical  observations 
detailed  below  serve  to  illustrate  the  methods  employed,  and  to  indicate 
the  value  of  some  treatments. 

immune's  serum 

While  it  is  recognized  that  a  person,  though  immune,  might  not  yield 
antitoxin  in  his  serum,  still,  in  connection  with  the  previous  experiments 
in  animal  immunity,  it  was  thought  worth  while  to  test  therapeutically 
the  serum  of  a  person  who  shows  marked  resistance  to  the  toxin.  Blood 
was  therefore  taken  from  the  "Immune"  heretofore  referred  to  as  "E.  F.," 
Experiment  10. 

Experiment  13. — 

Test  1 :  A  mixture  of  equal  parts  of  water,  tincture  rlius,  and  blood  from 
E.  F.,  an  immime,  was  applied  to  my  arm  and  knee.  Dermatitis  developed  at 
each  place. 

Test  2:  A  mixture  of  equal  parts  of  E.  F.',?  blood  and  tincture  rhus  was 
applied  to  my  arm.     Dermatitis  developed. 

Test  3:  Having  smeared  E.  F.'s  blood  on  my  arm,  tincture  of  rhus  was 
then  applied  on  the  same  area.     Dermatitis  resulted. 

From  these  tests  it  appears  that  blood  from  an  immune  contains  nothing  able 
to  inhibit  the  toxicity  of  rhus. 

Experiment  l-i  (Ammonia  Water). — Equal  parts  of  ammonia  and  tincture  rhus 
were  mixed  and  tested  on  the  skin.  The  mixture  is  toxic,  from  which  it  is  evident 
that  ammonia  does  not  destroy  the  poison. 

Experiment  15  (Peroxid  of  Hydrogen) . — Because  it  is  a  strong  oxidizer,  it  was 
presumed  that  hydrogen  peroxid  would  have  some  curative  property.  But  when 
tested  by  adding  it  in  equal  quantity  to  the  rhus  tincture,  it  failed  to  inhibit  the 
toxicity,  and  when  tested,  with  control,  on  a  patch  of  dermatitis  it  was  found  inert. 
Experiment  16  (Aristol). — The  left  of  two  artificial  patches  of  dermatitis  was 
treated  during  five  days  with  a  solution  of  aristol  in  cotton-seed  oil.  The  control 
received  no  treatment.  Both  were  scratched.  Result:  The  untreated  patch  recov- 
ered first. 

Experiment  11. — The  same  test  was  made  on  the  left  of  two  spots  produced 
by  green  leaves.  The  aristol  in  oil  was  applied  five  times  in  four  days  and  pro- 
tected by  gauze  held  in  place  by  plaster.  Result:  No  diff"erence  could  be  noted. 
Aristol  therefore  appears  to  be  of  no  value. 

Experiment  18  {Castor  Oil). — A  mixture  of  equal  parts  of  10  per  cent,  tincture 
of  rhus  and  castor  oil  was  rubbed  on  the  arm.  In  thirty-six  hours  there  was  a 
slight  itching,  but  no  eruption. 

Experiment  19  (Cedar  Oil). — A  similar  mixture  with  cedar  oil  was  applied  to 
the  arm.  After  thirty-six  hours,  a  slight  eruption  appeared  which  later  developed 
into  a  fair  patch  of  itching  dermatitis. 


9.  In  all  human  skin  tests  the  author  was  the  subject,  except  where  otherwise 
mentioned;  and  the  toxin  always  from  Rhus  diversiloba,  except  where  otherwise 
stated. 
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Experiment  20  (Cotton  Seed  Oil). — A  similar  mixture  with  cotton  seed  oil 
was  applied  to  the  thin  skin  at  the  wrist.  After  eight  days  no  dermatitis  had 
appeared. 

Experiment  21. — Cotton  seed  oil  in  which  green  leaves  had  been  soaked  for 
twenty-four  hours  was  applied  to  the  arm.  The  result  was  a  slight  dermatitis. 
This,  repeated  on  another  person,  gave  the  same  result. 

Experiment  22. — Some  cotton  seed  oil  in  which  green  leaves  had  been  heated 
was  applied  to  the  arm.  After  four  days,  itching  began,  and  in  five  days,  a 
slight  eruption. 

Experiment  23. — A  mixture  of  equal  parts  of  tincture  of  rhus  and  cotton  seed 
oil  was  applied  to  the  arm.     No  dermatitis  was  detected  in  eight  days. 

These  results  raised  the  question  whether  cotton-seed  oil  did  not  com- 
bine chemically  with  the  toxin,  destroying  the  toxicity.  To  test  this 
point,  the  mixture  of  oil  and  tincture  was  allowed  to  stand  a  few  days 
when  the  tincture  formed  a  layer  above  the  oil.  This  supernatant  fluid 
was  toxic,  producing  dermatitis. 

Experiment  2-). — A  mixture  of  equal  parts  of  tincture  rhus  and  of  tincture  of 
green  soap  was  applied  to  the  arm  and  protected  by  gauze.  After  twent^'-four 
hours  only  a  slight  eruption  was  noted. 

Experiment  25. — A  mixture  of  tincture  of  rhus,  25  parts,  and  tincture  of  green 
soap,  5  parts,  was  applied  to  arm  and  protected  with  gauze.  Only  slight  dermatitis 
resulted. 

Experiment  26. — After  allowing  tincture  of  green  soap  to  dry  on  a  spot,  tinc- 
ture of  rhus  was  applied.  A  control  spot  was  made  with  the  rhus  alone.  Both 
spots  were  protected  with  gauze.  The  control  took  well,  while  the  soaped  spot 
showed  a  slight  dermatitis.     Thus  it  appears  that  soap  deters  the  poison  of  rhus. 

Experiment  21  (IcMliyol  Collodion). — The  worse  of  two  patches  of  dermatitis, 
three  days  old,  was  painted  with  a  5  per  cent,  ichthyol  collodion  daily.  In  twenty- 
four  hours  distinct  improvement  was  noted  in  the  treated  patch,  and  this  patch 
recovered  earlier.     This  was  confirmed  in  treating  hospital  cases. 

Experiment  28  {Hyposulphite  of  Sodium). — Tests  with  this  substance  were  also 
negative.  It  failed  to  inhibit  the  toxicity  when  added  in  large  proportion  to  the 
tincture  of  rhus;  and  it  failed  to  show  curative  efl'oct  on  dermatitis  patches  com- 
pared with  controls. 

Experiment  29  (lodid  of  Potassium) . — This  substance  in  strong  solution,  added 
to  an  equal  part  of  tincture  rhus,  failed  to  inhibit  the  toxicity  as  tested  on  the  skin. 

Experiment  30  (Tincture  of  lodin) . — Full  ofiicinal  strength  tincture  of  iodin 
when  mixed  with  an  equal  quantity  of  tincture  of  rhus  destroys  the  poison;  for 
when  this  mixture  is  tested  on  my  arm  no  dermatitis  results.  If,  however,  the 
strength  is  reduced  to  less  than  5  per  cent,  of  the  mixture,  by  addition  of  water 
or  alcohol,  the  toxicity  is  not  destroyed  completely. 

Experiment  31. — Tincture  of  iodin  also  has  curative  property.  To  one  of  two 
patches  of  dermatitis,  officinal  tincture  of  iodin  was  applied.  The  application 
burned.  But  the  treated  patch  recovered  earlier  than  the  control.  Itching  quickly 
subsided  and  healing  followed.  The  spot  remained  discolored,  and  tender,  pre- 
sumably from  iodin  burning. 

Experiment  32. — The  right  of  two  patches  of  dermatitis  was  rubbed  with  90 
drops  of  water  mixed  with  10  drops  of  tincture  of  iodin.  The  control  was  rubbed 
with  alcohol.  The  application  of  iodin  caused  a  burning  sensation,  not  severe. 
In  twenty-four  hours  the  rhus  dermatitis  had  disappeared,  but  was  replaced  by 
an  iodin  burn.     The  control  ran  a  normal  course. 
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Experiment  33  {Potassium  Permanganate). — A  mixture  of  equal  parts  of 
potassium  permanganate  (0.56  gm.  in  120  c.c. )  with  tincture  rhus,  when  tested 
on  the  arm  was  found  to  be  absolutely  non-toxic. 

Experiment  34- — One  of  two  patches  of  dermatitis  was  painted  with  potassium 
permanganate  in  the  above  strength.  The  treated  patch  healed  earlier  than  the 
control. 

Experiment  35  {Magnesium  Sulphate). — Chemical  Tests:  A  fresh  rhus  leaf 
macerated  with  a  saturated  solution  of  magnesium  sulphate  remained  toxic,  as 
proven  by  testing  on  my  arm. 

Experiment  36. — Saturated  solution  of  magnesium  sulphate  (Squibb's),  added 
in  equal  quantity  to  tincture  rhus,  does  not  inhibit  the  toxicity,  for  dermatitis 
results  when  the  mixture  is  applied  to  the  skin. 

THERAPEUTIC  TESTS 

Though  magnesium  sulphate  fails  to  destroy  the  toxicity  of  rhus  when 
mixed  with  its  tincture,  or  its  juice,  it  nevertheless  possesses  definite 
therapeutic  value. 

Experiment  37. — Test  1 :  In  one  of  two  patches  of  dermatitis,  saturated  solu- 
tion of  magnesium  sulphate  was  rubbed  three  times  at  hour  intervals.  By  the 
next  morning  the  treated  patch  was  better  than  th(i  control.  Three  more  similar 
applications  were  made  during  the  forenoon  and  by  noon  a  very  marked  improve- 
ment Avas  noted.    The  treated  patch  recovered  earlier  than  the  control. 

Test  2 :  To  one  of  two  patches  of  dermatitis,  saturated  solution  of  magnesium 
sulphate  (Squibb's)  was  applied  on  gauze,  covered  with  rubber  tissue,  and  a 
bandage.  A  similar  dressing  was  applied  to  the  control,  using  water  in  place  of 
magnesium.  After  twenty-four  hours,  while  the  first  patch  was  not  healed,  it  was 
free  from  itching,  was  not  tender,  and  not  edematous,  thus  contrasting  with  the 
control,  which  remained  tender  for  six  days. 

HOSPITAL  CASES 

A.  B.,  male,  aged  23,  was  poisoned  four  days  previously.  Whole  face  was 
edematous  and  the  right  eye  closed.  On  Oct.  25,  1911,  in  the  afternoon,  hot  appli- 
cations of  2  per  cent,  permanganate  were  begun,  but  applied  only  to  the  right  side 
of  the  face.  In  thirty  hours  the  right  eye  was  in  good  condition.  The  left  side 
recovered  tardily. 

B.  C,  male,  March,  1912,  face  and  hands  severely  poisoned.  The  right  side 
of  the  face  and  the  right  arm  were  treated  with  the  hot  permanganate,  while  the 
opposite  side  was  treated  with  hot  standard  photographer's  solution  of  sodium 
hyposulphite.  In  addition,  both  arms  were  bandaged  in  their  respective  solutions. 
After  twenty-four  hours  the  patient  stated  that  the  permanganate  side  felt  dis- 
tinctly better  than  the  other.     The  right  side  recovered  the  earlier. 

E.  U.,  male,  aged  25,  was  poisoned  four  days  previously.  Both  arms  showed 
marked  edema,  vesicles  and  pustules.  He  had  already  applied  cold  permanganate 
six  or  seven  times.  Hot  permanganate  was  applied  frequently  by  the  nurse.  There 
was  no  improvement  in  forty-eight  hours.  When  tht  solution  was  changed  to  hot 
mercuric  chlorid,  and  bandaging  begun  with  the  same,  recovery  began. 

This  case  illustrates  the  uselessness  of  permanganate  when  the  vesicles  become 
infected. 

A.  E.,  male,  aged  45.  Dermatitis  one  day  old.  The  whole  face  was  swollen. 
The  eyes  half  closed  by  edema  of  both  lids.  The  right  ear  was  much  swollen. 
Thirty  hours  after  the  dermatitis  began,  hot  permanganate  saturated  solution  was 
applied  to  all  areas.  The  application  burned  severely,  especially  the  eyelids. 
Recovery  occurred  in  five  days,  though  this  man  had  always  been  two  weeks  getting 
well.    A  weaker  solution  of  permanganate  would  have  been  better. 
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There  are  two  objections  to  the  use  of  potassium  permanganate.  It 
produces  a  mahogany  brown  stain,  at  times  difficult  to  remove.  However, 
a  1  per  cent,  solution  of  oxalic  acid  is  usually  sufficient  to  disperse  the 
stain.  It  should  not  be  forgotten  that  this  acid,  internally,  is  a  violent 
poison,  and  should  be  used  with  great  caution.  The  other  objection  is 
that  after  its  use,  followed  by  oxalic  acid,  the  skin  is  left  severely  cracked, 
which  is  especially  disagreeable  on  the  face  and  hands.  This  is  met  by 
soothing  ointments  or  oils. 

PEOPHTLAXIS 

I  have  frequently  protected  myself  against  poisoning,  as  have  others, 
when  not  in  direct  contact  with  the  plant,  by  simply  washing  the  exposed 
surfaces  within  a  few  hours  after  exposure,  using  soap  and  hot  water. 
When,  however,  I  am  to  be  thoroughly  exposed,  as  in  gathering  the  leaves 
or  handling  the  dried  plants,  I  prefer  the  protection  of  cotton-seed  oil 
on  hands,  arms  and  face,  gloves,  a  bath  for  the  whole  body  as  soon  after 
exposure  as  possible,  and  a  change  of  clothing. 

TEEATMENT 

Inasmuch  as  the  poison,  after  alighting  on  the  skin,  takes  some  time 
to  penetrate,  the  first  thing  to  do  is  to  prevent  penetration  by  a  soap  and 
hot-water  bath  of  the  whole  body,  including  the  hair.  Xo  article  of 
clothing  should  be  donned  that  has  been  exposed  to  the  poison.  Itching 
is  readily  relieved  by  water  as  hot  as  can  be  borne,  and  is  usually  a 
pleasant  treatment,  and  of  itself  assists  cure.  The  remedies  previously 
discussed  may  then  be  used.  If  pustules  have  formed,  the  condition  of 
bacterial  infection  must  be  recognized  and  will  alter  treatment,  as  illus- 
trated by  hospital  case,  E.  U. 

CONCLUSIONS 

The  toxic  principle  of  rhus,  while  non-volatile,  can  poison  at  a  dis- 
tance by  means  of  mechanical  carriers.  It  is  not  destroyed  by  subjection 
for  one  hour  to  100  C,  and  is  carried,  potent,  by  the  smoke  from  burning 
rhus  plants.  The  dermatitis  is  purely  a  local  affection,  and  is  not  spread 
by  the  blood  or  l}Tnph,  or  by  the  serum  of  the  blebs.  The  sweat  reaction 
has  no  relation  to  susceptibility.  Absolute  immunity  in  man  is  improb- 
able, and  experimental  immunity  in  animals  is  not  yet  demonstrated. 
A  permanent  aqueous  suspension  of  the  alcoholic  solution  of  the  toxin 
can  be  prepared  and  remains  toxic;  this  is  precipitated  by  salt.  As 
much  as  0.025  gm.  toxin  can  be  given  intravenously  in  aqueous  suspen- 
sion to  a  2,000  gm,  rabbit  without  fatal  effect;  and  as  much  as  0.03875 
gm.  can  be  given  to  a  280  gm.  guinea-pig  subcutaneously  without  fatal 
effect. 
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Inasmuch  as  animals  cannot  be  killed  by  the  pure  toxin,  it  is  impos- 
sible to  demonstrate  antitoxic  effect  by  the  serum  of  animals  that  have 
received  repeated  doses  of  the  toxin.  The  Bordet-Gengou  fixation  reac- 
tion failed  to  demonstrate  the  presence  of  antibodies  in  the  sera  of 
animals  so  treated. 

The  simplest  prophylactic  measure  against  rhus  poisoning  is  to  wash 
well  with  soap  and  hot  water  as  soon  after  exposure  as  possible.  The 
protection  of  the  skin  by  anointing  with  cotton-seed  oil  before  exposure, 
and  washing  this  off  within  a  few  hours  with  soap  and  water,  renders 
prophylaxis  fairly  certain.  The  following  remedies  have  therapeutic 
value :  hot  water,  ichthyol  collodion,  potassium  permanganate,  magnesium 
sulphate  and  tincture  of  iodin. 

I  gladly  acknowledge  my  lasting  obligation  to  Dr.  F.  P.  Gay,  Dr.  G.  Y.  Rusk, 
and  Dr.  Chas.  B.  Bennett  of  the  University  of  California  for  their  valuable  advice 
and  help. 


EXPEEIMENTAL   EOSINOPHILIA    WITH    AN    EXTEACT    OP 
AN   ANIMAL    PABASITE 

ITS  EELATIOI^  TO  ANAPHYLAXIS  AND  CERTAIN   CLINICAL  PEOBLEMS  * 
W.  W.  HEREICK,  M.D. 

NEW   YORK 

The  functions  of  the  eosinophil  cells  remain  one  of  the  mysteries  of 
biology.  Our  knowledge  of  these  cells  includes  their  morphology,  their 
place  of  origin  and  the  naming  of  the  various  clinical  conditions  in  which 
their  number  either  in  circulating  blood  or  locally  in  the  tissues  varies 
from  the  usual.  Of  the  role  played  by  the  eosinophil  leukocytes  in  the 
economy  of  the  body  we  know  little.  Experimental  work  has  lagged  far 
behind  speculation  in  this  field. 

Some  months  ago  a  phase  of  the  problem  of  the  functions  of  the 
eosinophil  cells  was  suggested  by  two  observations.  In  1910  a  case  of 
bronchial  asthma  came  to  my  notice  showing  extreme  blood-changes — a 
leukocytosis  of  56,000,  an  eosinophilia  of  77  per  cent.^  This  was  placed 
on  record  together  with  a  review  of  the  literature  of  this  well-known 
feature  of  asthma.  At  about  the  same  time  Goldschmidt-  recorded  the 
observation  that  laboratory  workers  whose  duties  led  them  to  dissect 
Ascarides  became  sensitized  so  that  tenderness  and  swelling  of  the 
fingers,  conjunctivitis,  coryza,  sneezing,  cough  and  asthmatic  attacks 
resulted,  and  became  increasingly  severe  with  repeated  handling  of  the 
material.  It  was  found  that  the  asthmatic  attacks  had  a  remarkable 
periodicity  and  in  some  instances  persisted  two  weeks  after  cessation  of 
contact  with  the  worms. 

Several  baffling  problems  are  linked,  however  complexly,  by  these 
observations.  Common  to  both  bronchial  asthma  and  Ascaris  infestation 
is  an  increase  of  the  eosinophils  of  the  blood.  One  may  well  ask  the 
significance  of  the  eosinophilia  in  this  association.  Further,  it  has  been 
suggested  that  asthma  may  be  classified  among  the  phenomena  of 
anaphylaxis.^   Many  of  the  reflex  and  toxic  symptoms  seen  clinically  in 


*Subniitted  for  publication  in  The  Archives,  Jan.  10,  1913. 
*From  the  Department  of  Practice  of  Medicine,  College  of  Physicians  and 
Surgeons.   Columbia  University. 
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Ascaris  infestation  have  been  assigned  to  the  same  category.*  Is,  then, 
the  eosinophilia  of  the  blood  present  in  most  instances  of  either  of  these 
conditions  the  result  of  specific  sensitization  or  anaphylaxis?  If  this 
eosinophilia  can  be  explained  on  such  a  basis,  exactly  what  are  the  sub- 
stances responsible  for  this  effect  and  under  what  conditions  is  such 
effect  produced  ? 

As  such  a  study  involves  of  necessity  experimental  eosinophilia  with 
animal  parasites  or  their  products,  it  may  be  well  to  review  the  subject 
briefly. 

EEVIEW  OF  LITERATURE 

Calamida^  prepared  from  the  Tenia  cucumerina  and  the  Tenia  coe- 
nurus  of  the  dog  a  concentrated  extract  which  he  claims  has  a  cheEio- 
tactic  effect  on  the  eosinophils.  A  capillary  tube  containing  this  extract 
placed  in  the  peritoneal  cavities  and  subcutaneous  tissues  of  rabbits  was 
found  at  the  end  of  twenty-four  hours  to  contain  many  leukocytes,  most 
of  which  were  eosinophils.  The  most  thorough  study  of  the  eosinophil 
leukocytes  is  that  made  by  Opie"  in  1904.  Working  with  guinea-pigs, 
Opie  produced  trichiniasis  by  feeding  infected  meat  and  noted  a  striking 
rise  in  number  of  eosinophil  cells  in  the  blood  at  the  end  of  the  second 
week  after  infection.  This  eosinophilia  reached  its  maximum  at  the  end 
of  the  third  week.  In  the  lungs  and  mesenteric  glands  of  the  infected 
animals,  masses  of  eosinophil  cells  were  observed  replacing  polymorpho- 
nuclear neutrophils  and  resembling  small  abscesses.  This  increase  in  the 
eosinophils  was  accompanied  by  characteristic  changes  in  the  bone- 
marrow — a  diminution  of  fat  and  a  replacement  of  this  tissue  by  cellular 
elements,  prominent  among  which  were  immense  numbers  of  cells  with 
eosinophil  granulations,  many  showing  mitoses.  Opie  is  in  accord  with 
Ehrlich  in  the  opinion  that  the  bone-marrow  is  the  seat  of  multiplication 
of  the  eosinophil  leukocytes.  Infection  with  a  large  number  of  Trich- 
inellae  caused  diminution  in  the  number  of  eosinophils  and  was  quickly 
fatal.  In  general,  a  mild  infection  seemed  to  stimulate  the  eosinophil 
cells  to  rapid  multiplication ;  a  severe  infection  caused  their  destruction. 
Opie  noted  a  remarkable  relation  between  the  nutrition  of  the  guinea-pigs 
and  the  numbers  of  eosinophils  in  the  circulating  blood.  The  animals 
below  500  gm.  in  weight  had  an  average  eosinophilia  of  2  per  cent. ;  those 
above  this  weight  quite  constantly  a  larger  number  of  these  cells.     A 


4.  This  has  been  suggested  by  Mosehcowitz:  Eosinophilia  and  Anaphylaxis. 
New  York  Med.  Jour.,  1910,  xciii,  15,  and  others. 

5.  Calamida :  Weitere  Untersuchungen  iiber  das  Gift  der  Tilnien.  Centralbl. 
f.  Bakter.  u.  Parasit,  1901,  xxx,  374. 

6.  Opie:  The  Occurrence  of  Cells  with  Eosinophil  Granulation  and  Their 
Relation  to  Nutrition.  Am.  Jour.  Med.  Sc,  1904,  cxxvii,  2,  217:  also  An  Exper- 
imental Study  of  the  Relation  of  Cells  M'ith  Eosinophil  Granulations  to  Infection 
with  an  Animal  Parasite,  ihid.,  1904,  cxxvii,  .3,  477. 
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periodic  variation  in  the  number  of  eosinophils  was  shown  by  many 
animals.  Starvation  caused  prompt  fall  in  the  number  of  eosinophil 
leukocytes  and  with  gain  in  weight  their  numbers  again  rose. 

Proscher'^  produced  local  eosinophilia  by  the  intraperitoneal  injection 
of  an  extract  of  Tenia  solium,  finding  that  after  an  interval  of  five  to 
forty  minutes  the  polynuclear  neutrophils  in  the  peritoneal  fluid  about 
the  site  of  injection  were  replaced  by  eosinophils.  Proscher  and  Pappen- 
heim®  injected  an  extract  of  Tenia  saginata  into  the  veins  of  rabbits  and 
noted  a  resulting  eosinophilia  of  the  blood.  Staubli^  has  repeated  a  part 
of  the  work  of  Opie.  This  observer  infected  guinea-pigs  with  the  Trich- 
inella  spiralis  and  noted  the  consequent  eosinophilia  after  a  period  of 
eight  days  or  more.  He  found  that  the  eosinophil  increase  persisted  as 
long  as  three  and  one-half  years,  that  the  eosinophil-producing  substance 
did  not  traverse  the  placenta  and  that  offspring  of  animals  showing 
eosinophilia  do  not  have  this  characteristic  of  their  blood-picture.  Staubli 
also  showed  the  diminution  of  the  number  of  these  cells  during  the  entire 
time  the  organism  is  under  the  influence  of  bacterial  products  and  the 
existence  of  a  reciprocal  relationship  between  the  eosinophil  leukocytes 
and  the  polymorphonuclear  neutrophils. 

OBJECTS   OF  author's   STUDY 

The  problems  toward  the  solution  of  which  I  have  attempted  to 
contribute  are  as  follows:  1.  Whether  eosinopliilia  of  the  blood  could  be 
produced  experimentally  by  the  use  of  an  extract  of  Ascaris  lumhricoides. 
2.  Under  what  conditions  of  administration  of  this  extract  such  eosino- 
philia might  be  brought  about.  3.  Whether  or  not  the  substance  influ- 
encing the  eosinophils  is  a  protein.  4.  Whether  such  eosinophil  increase 
bears  any  relation  to  specific  sensitization  or  anaphylaxis.  Throughout 
the  work  the  possible  relation  of  these  questions  to  the  clinical  problem 
of  bronchial  asthma  has  been  constantly  in  mind. 

EXPERIMENTAL   WORK 

Guinea-pigs  were  chosen  for  the  experiments,  since  the  blood-cells  of 
these  animals  resemble  rather  closely  those  of  man  in  morphology  and  in 
reaction  to  bacterial  and  other  agencies.  For  convenience  the  fine  gran- 
ular pol3rmorphonuelear  amphophils  of  the  guinea-pig  are  termed  poly- 
nuclears.    It  is  important  to  have  clearly  in  mind  the  usual  blood-picture 

7.  Proscher:  Ueber  experimentelle  Erzeugung  von  eosinopliile  Exsudaten. 
Fol.  Haematol.,  1905,  ii,  543. 

8.  Proscher  and  Pappenheim:  Ueber  experimentelle  Leucocyten.  Fol.  Haema- 
tol., 1904,  i,  638. 

9.  Staubli:  Trichinosis,  1909,  p.  107  et  seq.;  also  Die  klinische  Bedeutung 
der  Eosinophilic,  Ergebn.  d.  inn.  Med.  u.  Kinder.,  1910,  vi,  12  and  Ueber  Eosino- 
philic, Samuel,  klin.  Vortr.,  1909,  clxvii,  43. 
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of  the  guinea-pig.  Gulland  and  GoodalP°  give  as  an  average  the  follow- 
ing count  of  leukocytes:  Number  in  a  c.mm.,  10,500;  polynuclears,  43  per 
cent.;  lymphocytes,  52  per  cent.;  eosinophils,  2.5  per  cent.;  basophils, 
2.5  per  cent.  Kurloff,  quoted  by  Opie  from  Ehrlich  and  Lazarus,  states 
that  the  average  percentage  of  eosinophils  is  1.  Kanthack  and  Hardy^^ 
give  2  per  cent,  to  3  per  cent,  as  the  average  figures.  Opie's  figures  are 
higher.  In  counts  of  10  guinea-pigs  the  average  percentage  of  eosinophil 
leukocytes  was  found  to  be  11.  I  have  averaged  the  counts  of  seventeen 
animals  before  experiments  were  begun  and  find  the  following  figures: 
Leukoc^-tes,  10,341;  polynuclears,  34.5  per  cent.;  large  lymphocytes,  2.5 
per  cent. ;  small  lymphocytes,  59.5  per  cent. ;  eosinophils,  2.5  per  cent. ; 
basophils,  1  per  cent.;  total  number  of  eosinophils  in  1  c.mm.,  363.  In 
making  the  counts  recorded  in  this  work  the  blood  was  taken  from  the 
ear,  a  pipet  giving  a  dilution  of  1  to  20  and  the  Zappert  counting 
chamber  were  used.  Smears  were  made  in  the  usual  way,  stained  by 
Wright's  stain,  and  200  cells  counted. 

The  extract  used  was  prepared  from  the  Ascaris  Inmhricoides  of  the 
pig.  The  fresh  worms  were  washed  in  distilled  water,  finely  divided,  then 
ground  with  sand  in  a  mortar  and  sufficient  0.5  per  cent,  sodium  chlorid 
solution  added  so  that  each  c.c.  of  the  decanted  solution  represented  1 
gra.  of  the  fresh  material.  The  solution  was  passed  through  a  Berkefeld 
filter  and  to  it  was  added  0.5  per  cent,  phenol,  a  preservative  having  on 
intraperitoneal  injection  no  effect  on  the  numbers  of  eosinophils  or 
basophils  of  the  guinea-pig  (Schlecht^-).  This  extract,  kept  on  ice,  was 
a  slightly  turbid  yellowish  liquid,  having  the  acrid  odor  characteristic  of 
the  Ascarides  and  containing  protein  in  considerable  amount.  Injected 
intraperitoneally  in  guinea-pigs  peritonitis  did  not  follow,  nor  did  any 
direct  toxic  effects  result  from  the  rather  small  quantities — 2  to  5  c.c. — 
used.  It  may  be  of  interest  to  record  that,  notwithstanding  having 
worked  with  Ascarides  and  their  extracts  at  intervals  for  more  than  a 
year  and  a  half,  neither  the  laboratory  diener  nor  myself  has  shown 
symptoms  of  sensitization. 

Taking  up  in  their  order  the  problems  suggested,  report  is  given  of  a 
selected  number  of  such  experiments  with  the  fifty-six  animals  used  as 
have  bearing  on  their  solution. 

There  can  be  no  question  that  increase  in  the  eosinophils  of  the  blood 
of  guinea-pigs  may  be  produced  experimentally  by  the  intraperitoneal 


la.  Gulland  and  Goodall:  The  Blood,  1912,  p.  76. 
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injectiou  of  an  extract  of  Ascaris  lumhricoides.  In  each  instance  in  which 
this  phase  of  the  problem  was  investigated  a  positive  result  was  obtained. 
(Experiments  with  Guinea-Pigs  34,  36,  46,  47,  48,  49,  53.) 

The  methods  of  administration  of  the  extract  bringing  about  such 
increase  in  the  number  of  eosinophils  are  of  particular  interest.  As  to 
dosage,  a  comparatively  small  amount  of  material  is  ejffectual  when 
introduced  into  the  peritoneal  space  of  guinea-pigs ;  2  c.c.  of  the  extract 
was  used  in  all  but  a  very  few  instances.  Where  larger  amounts — never 
more  than  5  c.c. — were  employed  this  is  noted  on  the  charts.  The  larger 
amounts  seemed  not  to  influence  results  in  any  way  difl'ering  from  the 
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smaller  dosage ;  the  increase  in  number  of  eosinophils  bearing  no  relation 
to  the  amount  of  extract  administered.  The  factor  of  greatest  influence 
in  the  production  of  this  eosinophilia  was  the  interval  between  injections 
of  the  extract.  Injections  of  2  to  5  c.c.  daily  over  a  period  of  four  weeks 
was  without  influence  on  the  eosinophil  content  of  the  blood  of  guinea- 
pigs  (Fig.  1,  Guinea-Pig  49;  and  Fig.  2,  Guinea-Pig  51.).  Injections  of 
2  c.c.  of  the  extract  every  second  or  every  third  day  was  also  without 
result  (Fig.  3,  Guinea-Pig  46.),  Two  series  of  injections  daily  or  every 
second  or  third  day,  the  two  series  being  separated  by  an  interval  of  ten 
days,  was  accompanied  during  the  second  series  by  but  slight  rise  in  the 


170 


THE     ARCHIVES     OF     INTERNAL     MEDICINE 


number  of  eosinophils  (Fig.  3,  Guinea-Pig  46.).  Injections  of  the  extract 
at  intervals  of  five  to  twenty-five  days  was  followed  without  exception  by 
a  striking  increase  in  the  eosinophils  of  the  blood  (Figs.  4,  10,  6  and  9; 
Guinea-Pigs  45,  34,  47  and  53.).  A  series  of  injections  followed  after  an 
interval  of  two  to  eight  weeks  by  a  further  single  injection  had  as  a 
sequel  a  striking  increase  in  the  number  of  eosinophils  (Guinea-Pigs  36, 
46  and  49 ;  Figs.  7,  3  and  1.) .  In  no  instance  was  a  first  injection  followed 
by  an  eosinophil  increase.  Each  single  reinjection  when  separated  from 
the  preceding  by  an  interval  of  five  days  or  more  was  followed  by  a  more 
prompt  response  in  the  way  of  an  eosinophil  increase  (Guinea-Pigs  34, 
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45  and  47;  Figs.  10,  4  and  6),  and  in  some  instances  each  successive 
response  was  more  marked  (Guinea-Pigs  45,  47  and  48;  Figs.  4,  6  and 
8.).  Exceptions  to  this  may  be  noted  in  the  charts,  but  to  illustrate  the 
average  tendency  in  these  particulars  I  have  made  a  composite  chart  by 
averaging  the  blood-counts  of  four  animals  having  interval  injections 
(Fig.  5). 

The  most  pronounced  eosinophilia  in  the  series  was  observed  in 
Guinea-Pig  36  (Fig.  7),  in  which  the  control  count  of  these  cells  was 
high.  Injections  daily  or  on  alternate  days  for  a  period  of  three  weeks 
were  followed  some  four  weeks  later  by  a  considerable  rise  in  number  of 
eosinophils,  which,  one  week  after  the  further  administration  of  a  single 
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dose  of  2  C.C.,  became  enormous,  these  cells  reaching  the  extremely  high 
figure  of  5,172  in  a  c.mm.  Explanation  of  the  course  of  the  eosinophil 
curve  in  this  animal  is  difficult  in  that  the  rise  in  number  of  these  cells 
was  not  so  prom^pt  an  effect  of  the  injections  as  in  the  case  of  the  other 
animals,  the  charts  of  which  are  here  given.  I  have  noted  that  guinea- 
pigs  showing  a  high  cofltrol  count  of  eosinophils  react  to  inoculations  of 
extract  of  Ascaris  in  a  manner  less  typical  than  that  characterizing 
animals  having  a  normal  number  of  these  cells. 

NATUEE  OF  THE  SUBSTANCE  PRODUCING  EOSINOPHILIA 

Is  the  substance  influencing  the  eosinophil  cells  a  protein? 
The  original  extract  was  rich  in  albumin,  giving  the  biuret  reaction, 
positive  Heller's  test  and  abundant  precipitation  on  acidulation  and 


boiling.  The  protein  was  precipitated  by  the  addition  of  two  volumes  of 
acetone.  The  abundant  precipitate,  isolated  by  filtration,  was  dried  and 
dissolved  in  0.5  per  cent,  salt  solution.  One  gram  of  this  precipitate  was 
dissolved  in  2  c.c.  of  the  salt  solution.  This  amount  was  injected  into  the 
peritoneal  cavities  of  guinea-pigs  previously  sensitized  with  the  original 
extract,  death  from  anaphylactic  shock  resulting  in  Guinea-Pig  50,  while 
in  Guiaea-Pig  46  (Fig.  3)  and  in  Guinea-Pig  48  (Fig.  8)  prompt  rise 
in  the  number  of  eosinophils  followed.     Fractional  precipitation  of  the 
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proteins  of  the  extract  after  the  method  of  Pick^^  was  not  done  as  the 
effect  on  the  eosinophils  of  the  intraperitoneal  injection  of  many  simple 
proteins  has  been  studied  by  Schlecht,  whose  work  is  quoted  below. 

To  secure  an  extract  practically  protein  free,  the  original  extract  was 
acidulated  with  acetic  acid  and  boiled,  the  resulting  precipitate  filtered 
through  ordinary  filter  paper,  or,  in  some  cases,  through  infusorial  earth 
and  filter  paper.  The  filtrate  thus  obtained  gave  a  faint  biuret  reaction, 
but  no  coagulum  on  acidulation  and  heating.  This  filtrate  injected  into 
the  peritoneal  space  of  guinea-pigs  previously  sensitized  with  the  original 
extract   was   without   influence    on   the   eosinophil   cells   of   the   blood 


(Guinea-Pigs  46,  48  and  51).  It  may  therefore  be  concluded  that  the 
protein  of  the  Ascaris  extract  is  the  substance  responsible  for  the  eosin- 
ophil increase  when  administered  by  the  above-described  methods.  This 
conclusion  gains  further  proof  from  the  work  of  Schlecht,^*  who,  in  a 
valuable  contribution,  has  shown  that  the  intraperitoneal  injection  of 


13.  Pick:  Zur  Kenntniss  der  Immunkorper ;  Hofmeister's  Beitr'age,  1902,  i, 
351. 

14.  Schlecht:  Ueber  die  Einwiikung  von  Seruminjectionen  auf  die  Eosino- 
philen  und  Mastzellen  des  menschlichen  und  tierischen  Blut.  Deutsch.  Arch.  f. 
klin.  Med.,  1910,  xcviii,  308. 
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alien  protein  is  followed  in  guinea-pigs  by  a  striking  eosinophilia  of  the 
blood.  This  result  was  obtained  by  the  injection  of  whole  blood-serum, 
egg  albumin,  fibrin,  serum-albumin,  serum-globulin  and  hemi-albumose ; 
but  not  peptone  or  the  products  of  further  protein  digestion — the  amino 
acids,  etc.  The  results  obtained  in  my  experiments  with  the  extract  of 
Ascaris  lumhricoides  and  with  the  isolated  protein  of  this  extract  corre- 
spond in  general  with  those  reported  by  Schlecht  from  the  use  of  simple 
proteins.  There  is'  the  exception  that  Schlecht  noted  the  eosinophil 
increase  following  injections  at  intervals  of  less  than  three  days  when 
such  injections  were  continued  for  a  number  of  days. 
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EOSINOPHILIA  AND  ANAPHYLAXIS 

To  the  question,  "What  connection,  if  any,  has  the  increase  in  number 
of  the  eosinophil  cells  of  the  blood  noted  in  these  experiments  with 
anaphylaxis,"  no  final  answer  can  be  given.  However,  some  suggestive 
facts  are  brought  out.  In  no  instance  observed  did  the  eosinophil  increase 
occur  during  a  time  when  the  animals  could  properly  be  judged  immune ; 
nor  was  any  such  increase  noted  during  the  anaphylactic  shock.  Imme- 
diately following  the  anaphylactic  period  the  rise  in  eosinophils  in  the 
blood  was  marked  and  constant  and  more  pronounced  as  the  previous 
sensitization  had  been  more  thorough.    Further  injection  of  the  extract 
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during  the  post-anaphylactic  period  was  followed  by  a  fall  in  the  number 
of  eosinophils  (Guinea-Pig  53,  Tig.  9).  Eosinophilia  occurred  alike  in 
the  animals  showing  marked  anaphylactic  shock  after  their  recovery 
(Guinea-Pigs  45  and  53,  Figs.  4  and  9),  and  in  those  showing  no  gross 
evidences  of  this  phenomenon — dyspnea,  convulsions,  cyanosis,  paralysis, 
etc.  ( Guinea-Pigs  48  and  34,  Figs.  8  and  10). 

In  general,  it  is  well  known  that  an  animal  surviving  anaphylaxis  is 
for  a  time  immune,  but  gradually  loses  this  immunity  and  again  becomes 
sensitive  to  the  specific  protein.  The  eosinophil  cells  seem  to  have  a 
direct  relation  to  the  various  phases  of  this  phenomenon.     During  the 


period  of  immunity  their  number  is  not  increased.  It  is  only  subsequent 
to  the  anaphylactic  period,  in  the  so-called  post-anaphylactic  stage  that 
the  eosinophilia  appears,  to  vanish  after  twenty-four,  forty-eight  or 
seventy-two  hours ;  after  which  and  until  the  lapse  of  several  days,  these 
cells  cannot  be  called  out  in  unusual  numbers.  It  seems  probable  that 
this  does  not  occur  until  the  immunity  is  lessened  or  replaced  by  some 
degree  of  hypersensitiveness.  In  the  development  of  such  immunity  the 
eosinophil  leukocytes  may  play  a  part,  possibly  they  are  the  active  agents 
in  the  process.  This  is  in  line  with  the  conclusions  of  Schlecht,^*  who 
conceives  of  the  eosinophils  as  cells  having  a  special  function  protective 
against  the  invasion  of  foreign  protein  and  designed  to  ward  off  the 


W.     W.     MERRICK 


175 


danger  of  the  anaphylactic  period.  Of  interest  in  this  connection  is  the 
further  work  of  Schlecht^^  in  showing  that  lungs  of  guinea-pigs  dead 
from  anaphylactic  shock  contain  eosinophil  cells  in  large  numbers  and 
that  animals  may  be  sensitized  or  may  show  local  evidences  of  sensitiza- 
tion in  the  lungs  by  the  inhalation  of  sprayed  serum.  The  work  of 
Schittenhelm,  Weichardt  and  Grisshammer^*'  claims  attention  in  this 
relation.  These  investigators  studied  the  effect  on  the  blood-cells  of  dogs 
of  the  intravenous  injection  of  albumin,  peptone  and  bacterial  protein, 
finding  an  immediate  leukopenia,  the  degree  of  which  depended  not  on 
the  amount  of  material  injected,  but  on  its  kind.    Albumin  injected  in 


sensitized  animals  caused  a  leukopenia  lasting  some  hours  and  followed 
by  a  stage  of  leukocytosis  which  subsided  after  four  to  six  days.  This 
leukocytosis  was  mostly  of  the  polynuclear  neutrophils,  but  as  the  leuko- 
cytosis began  to  decline  the  eosinophils  reached  high  numbers. 

In  so  far  as  a  single  observation  is  of  value^  it  appears  that  while  the 
offspring  of  a  sensitized  animal  are  also  sensitive  to  the  specific  protein 
employed,  the  capacity  of  responding  by  a  hypereosinophilia  on  the  injec- 


15.  Schlecht    and    Scliwenker:   Ueber    die    Bezieaungen    der    Eosinophilie    zur 
Anaphylaxie.     Deutsch.  Arch.  f.  klin.  Med.,  1912,  cviii,  405. 

16.  Schittenhelm,    Weichardt    and    Grisshammer:    Eiweissumsatz   und    Ueber- 
emfindlichkeit.     Ztschr.  f.  exper.  Path.  u.  Therap.,  1912,  x,  3,  412. 
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tion  of  the  specific  protein  is  not  transmitted.  Tliat  fact  has  an  analogy 
in  the  observation  of  Stiiubli,  already  cited,  that  the  eosinophil-producing 
substance  present  in  experimental  trichiniasis  in  guinea-pigs  is  not 
transmitted  through  the  placenta. 

From  the  evidence  presented  it  appears  justified  to  conclude  that  the 
eosinophilia  accompanying  infestation  with  animal  parasites  is  the  result 
of  protein  sensitization.  Exactly  how  this  sensitization  is  brought  about 
is  problematical.  The  specific  protein  material  may  be  secreted  by  the 
parasites  or  may  be  absorbed  from  the  disintegration  of  those  parasites 
perishing  within  the  alimentary  tract  or  in  the  circulation  of  the  host. 
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The  experimental  finding  that  administration  of  an  extract  of  Ascaris 
lumbricoides  at  intervals  of  less  than  five  days  is  not  followed  by  increase 
in  the  number  of  eosinophils  in  the  blood  is  difficult  to  reconcile  with 
clinical  conditions  that  may  reasonably  be  assumed  to  obtain  in  infesta- 
tion with  these  parasites  where  absorption  of  foreign  material  is  prob- 
ably more  or  less  continuous.  Undoubtedly  there  are  factors  of  which 
we  are  as  yet  ignorant.  That  a  considerable  latent  period  is  necessary 
between  the  time  of  infection  and  the  development  of  the  consquent 
eosinophilia  is  apparent.  This  is  suggested  by  the  observations  of  Opie 
and  of  Staubli,  already  quoted.  Both  found  that  increase  in  number  of 
eosinophil  leukocytes  in  the  blood  of  guinea-pigs  fed  on  meat  containing 
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embryos  of  Trichinella  spiralis  took  place  only  after  lapse  of  eight  or 
more  daj^s,  at  a  time  when  the  embryos  were  migrating  from  the  intestine 
to  their  resting  places  in  muscle  or  other  tissue. 

It  is  tempting  to  conclude  that  hypereosinophilia  is  the  result  of  sensi- 
tization to  alien  protein.  This  would  bring  into  line  the  increase  in 
number  of  these  cells  following  injections  of  tuberculin,  in  serum  sick- 
ness, many  food  poisonings,  hay  fever,  the  eosinophilia  noted  about 
animal  parasites  and  other  foreign  protein  material.  Granting  this,  one 
is  lured  a  step  further  to  seek  in  sensitization  to  protein  a  cause  of  many 
types  of  bronchial  asthma.  It  may  be  that  in  the  discovery  of  some 
substance  capable  of  influencing  the  eosinophil  cells  of  the  body  we  may 
find  the  key  to  that  important  clinical  secret  —  the  control  of  bronchial, 
asthma. 

PROTOCOLS 

GuixEA-PiG  6. — May  27.  Eosinophils  00.  May  29,  1  c.c.  extract  Ascaris 
injected  intraperitoneally.  May  30,  leukocytes  6,-400;  eosinophils,  00.  June  6, 
leukocytes,  8,000;  eosinophils,  00.  June  9,  2  c.c.  extract  injected  intraperitoneally, 
followed  in  ten  seconds  by  clonic  convulsions.  During  convulsions,  leukocytes 
4,000;  polynuclears,  47  per  cent.;  mononuclears,  52.5  per  cent.;  eosinophils,  0.5 
per  cent.     Partial  recovery  for  several  hours;   death  after  six  hours. 

Guinea-Pig  49. — Two  c.c.  extract  of  Ascaris  lumiricoides  injected  intraperi- 
toneally daily  from  June  26  to  July  27  with  no  significant  change  in  the  eosin- 
ophil content  of  the  blood.  No  injections  given  from  July  27  to  September  23, 
when  an  injection  of  2  c.c.  of  the  extract  intraperitoneally  gave  in  twenty-four 
hours  an  increase  of  the  eosinophils  from  360  to  3,040  per  mm.  No  symptoms 
of  anaphylactic  shock. 

GuiNEA-PiG  51. — Weight,  417  grams.  Two  c.c.  original  extract  given  July 
1;  3  c.c.  July  3;  4  c.c.  July  5;  5  c.c.  July  6  and  almost  daily  thereafter,  with 
an  occasional  day  excepted,  until  July  27.  No  change  in  number  of  eosinophils 
noted.  November  6,  2  c.c.  of  filtrate  after  precipitation  of  albumin  of  original 
extract  given  intraperitoneally.  (This  precipitation  was  made  by  heat  and  acid- 
ulation  with  acetic  acid.)  No  change  of  note  in  the  eosinophils  resulted.  No 
signs  of  anaphylaxis. 

Guinea-Pig  46. — Weight,  340  grams.  Five  c.c.  original  extract  given  intra- 
peritoneally May  20;  2  c.c.  May  22  and  on  approximately  alternate  days  there- 
after to  June  15.  Then  a  single  injection  after  ten  days  without  eff'ect  on  the 
number  of  eosinophils.  July  8  to  29  injections  of  2  c.c.  were  given  daily  or  on 
alternate  days  with  slight  increase  of  the  eosinophils.  September  22,  2  c.c. 
extract  given  intraperitoneally;  September  23,  eosinophils,  2,010;  September 
30,  770. 

November  6,  2  c.c.  solution  of  protein  in  0.5  per  cent,  sodium  chlorid  precipi- 
tated by  acetone  was  given  and  was  followed  by  an  eosinophil  increase  from 
860  to  1,360  in  twenty-four  hours;  2,511  in  forty-eight  hours.  After  seventy-two 
hours,  eosinophils  were  760.  November  11,  2  c.c.  filtrate  of  extract  after  coagu- 
lation of  albumen  with  heat  and  acetic  acid  injected  intraperitoneally  without 
effect  on  eosinophils. 

Guinea-Pig  45. — Weight,  320  grams.  Two  c.c.  extract  intraperitoneally 
May  15.  Slight  reduction  in  the  number  of  eosinophils  in  the  blood  followed. 
June  5,  4  c.c.  extract  given  intraperitoneally.  Severe  anaphylactic  shock  after 
twenty  minutes;  dyspnea,  cyanosis,  convulsive  movements,  paralysis.  The  periph- 
eral circulation  was  so  affected  during  the  shock  that  satisfactory  specimens 
of  blood   could   not  be  obtained.     Recovery  in  twenty-four  hours,  when  eosins. 
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were  820  in  a  c.mm.  In  forty-eight  hours  eosins.  rose  to  1,035;  in  ninety-six  hours 
400  per  mm.  Third  injection  of  the  extract  June  11,  when  eosins.  were  108 
in  a  c.  mm.  In  twenty-four  hours  eosins.  rose  to  2,030;  in  ninety-six  hours 
fell  to  300.  June  24  eosins.  numbered  110.  A  fourth  injection  of  original 
extract  given  on  this  date  was  followed  in  twenty-four  hours  by  eosinophil 
increase  to  2,378.     In  forty-eight  hours  eosins.  numbered  536. 

Guinea-Pig  50. — Weight,  245  grams.      Control    count    of  eosinophils  62   in 

1  mm.  September  23,  2  c.c.  extract  injected  intraperitoneally.  No  change  noted 
in  number  of  eosinophils.  October  30,  2  c.c.  solution  in  0.5  per  cent,  sodium 
chlorid  of  proteins  of  Ascaris  extract  injected  intraperitoneally.  Death  in 
forty-five  minutes  from  respiratory  paralysis. 

Guinea-Pig  47. — Weight,  485  grams.  Control  counts  of  eosinophils  showed 
variations  from  0  to  438  per  mm.;  2  c.c.  extract  injected  July  5,  repeated  July 
10.  Eosinophils  rose  from  153  to  762  in  forty-eight  hours  after  second  injection, 
returning  to  116  per  mm.  the  fifth  day.  Injection  repeated  July  18.  Eosinophils 
rose  from  0  to  1,817  in  forty-eight  hours.  A  fourth  injection  July  24  was 
followed  in  forty-eight  hours  by  increase  of  the  eosinophils  from  504  to  2,548 
per  mm.  In  each  instance  the  eosinophilia  subsided  forty-eight  hours  after 
its  maximum.     No   evidences   of  anaphylactic   shock. 

Guinea-Pig  36. — Weight,  460  grams.  Control  counts  showed  high  eosino- 
philia— above  1,000  per  mm.;   5  c.c.  extract  of  Ascaris  given  for  two  days,  then 

2  c.c.  daily  or  on  alternate  days  from  May  22  to  June  13  with  no  change  in  the 
average  number  of  eosinophils.  July  15  a  single  injection  of  2  c.c.  of  the 
original  extract  was  followed  by  an  eosinophil  increase  to  3,160,  which  after 
four  days  reached  5,172.  Previous  to  the  last  injection  the  eosinophils  on  July 
12  rose  to  3,618,  without  relation  to  any  known  factor.  November  6  an  injection 
of  2  c.c.  of  previously  boiled  extract  was  followed  by  no  change  in  number  of 
eosinophils,  which  in  this  animal  continued  to  be  high. 

Guinea -Pig  48. — Weight,  260  grams;  2  c.c.  extract  given  September  23; 
no  change  in  eosinophils  followed.  September  30,  2  c.c.  of  the  extract  previously 
boiled  given  intraperitoneally  and  followed  in  twenty-four  hours  by  a  rise  in 
eosinophils  from  0  to  395  per  c.mm.  October  30,  1.5  c.c.  of  a  solution  in 
normal  salt  solution  of  the  proteins  of  the  extract  of  Ascaris  precipitated  by 
acetone  was  given  and  followed  in  twenty-four  hours  by  an  eosinophilia  of 
1,188  from  one  of  280.  November  6,  2  c.c.  of  the  original  extract  previously 
boiled  was  injected  and  caused  an  increase  in  eosinophils  from  200  to  2,952. 
November  11,  2  c.c.  filtrate  after  precipitation  of  albumin  by  heat  and  acetic 
acid  was  injected  and  was  followed  by  no  rise  in  the  number  of  eosinophils; 
rather  was  there  a  diminution  in  the  number  of  tliese  cells — from  330  to  55  in 
1  mm.     No  symptoms  of  anaphylactic  shock. 

Guinea-Pig  53. — Male,  weight,  675  grams.  Control  count  showed  moder- 
ately high  eosinophil  count,  1,456  per  c.mm.  December  6,  5  c.c.  regular  extract  given 
intraperitoneally.  No  marked  efl'ect  on  eosinophils.  December  16  these  cells 
numbered  612  per  mm.  Three  c.c.  extract  injected  intraperitoneally  on  this 
date.  After  fifteen  minutes  dyspnea,  tremor,  slight  convulsive  movements. 
December  17,  eosinophils  2,400.  Two  c.c.  extract  injected  on  same  day.  December 
18,  eosinophils  1,416.  Two  c.c.  extract  given.  December  19,  eosinophils  336. 
Two  c.c.  extract  injected.     December  20,  eosinophils  658. 

Guinea-Pig  55. — Male,  weight,  260  grams;  2  months  old;  offspring  of 
guinea-pig  45.  (Fig.  4.)  Born  Oct.  5,  1912.  December  19,  eosinophils  00. 
December  20,  eosinophils  68.  Five  c.c.  extract  injected  intraperitoneally.  After 
ten  minutes  dyspnea,  convulsions,  weakness  of  extremities,  death. 

Guinea-Pig  56. — Male,  weight,  350  grams.  Of  same  litter  as  No.  55. 
December  18,  eosinophils  80;  2.5  c.c.  extract  injected  intraperitoneally;  no  signs 
of  anaphylaxis.    December  19,  eosinophils,  0;  December  20,  0. 
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Guinea-Pig  34. — Weight,  600  grams.  Two  c.c.  extract  given  intraperi- 
toneally  May  15,  repeated  June  3  and  four  times  additionally  at  intervals  of 
one,  two,  three  and  two  weeks,  successively.  Each  injection  after  the  first  was 
followed  by  prompt  rise  in  the  number  of  eosinophils  from  400  to  800  or  to 
3,192,  as  a  maximum.  In  the  later  injections  the  maximal  eosinophilia  occurred 
after  twenty-four  hours. 

CONCLUSIONS 

1.  A  notable  eosinophilia  of  the  blood  can  be  developed  by  the  intra- 
peritoneal injection  of  an  aqneous  extract  of  Ascaris  lumhricoides. 

2.  The  substance  causing  such  eosinophil  increase  is  a  protein. 

3.  Previous  sensitization  is  necessary  to  the  development  of  this 
eosinophilia. 

4.  It  is  impossible  to  produce  such  eosinophilia  while  the  animals 
are  immune  to  the  extract. 

5.  This  eosinophilia  may  therefore  be  considered  evidence  of  previous 
sensitization. 

6.  There  is  a  possible  association  of  these  facts  with  the  problem  of 
bronchial  asthma. 

50  East  Fifty-Third  Street. 

Table  1. — Blood-Counts  in  Guinea-Pig  49 


Date 

No. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Pe»  Cent. 

No.  of 

Leuko- 

Polynu- 

Large 

Small 

Baso- 

Eosin- 

Eosin- 

cytes 

clears 

Lymph. 

Lymph. 

phils 

ophils 

ophils 

June     2G 

9,000 

47 

5 

45 

2 

1 

90* 

27 

7,840 

19.5 

2 

70.5 

1.5 

6.5 

510* 

28 

7,200 

24 

3 

71 

1 

1 

72* 

29 

7,400 

14 

1 

78.5 

1.5 

5 

370* 

July        1 

15,800 

18.5 

1.5 

77.5 

1.5 

1 

158* 

2 

8,000 

17.5 

3.5 

75 

3 

1 

80* 

3 

9,000 

17 

1 

76 

2 

4 

360* 

5 

10,400 

10.5 

0.5 

89 

0 

0 

000* 

6 

10,400 

24 

1 

73 

0 

2 

208* 

8 

11,400 

40.5 

1.5 

54 

2 

2 

228* 

9 

5,600 

18 

1 

78 

2 

1 

56* 

10 

6,000 

22 

2 

73.5 

1 

1.5 

90* 

11 

8,200 

32.5 

3.5 

60 

2 

2 

164* 

12 

7,200 

2.5 

1.5 

93.5 

1.5 

1 

72* 

13 

8,000 

13 

1 

85 

0 

1 

80* 

15 

6,000 

19 

2 

79 

0 

0 

00* 

16 

7,600 

23 

1.5 

64 

0 

1.5 

114* 

17 

7,200 

8 

0.5 

87.5 

3 

1 

72* 

18 

8,200 

13.5 

1.5 

82 

2 

1 

82* 

19 

8,400 

21.5 

1 

70 

6.5 

1 

84* 

20 

11,800 

19 

1.5 

78 

1.5 

0 

00* 

22 

18,800 

27 

0 

67 

2 

4 

752* 

23 

8,400 

26 

1.5 

64.5 

2.5 

5.5 

462* 

24 

« 

25 
26 
27 

9,800 

23 

0 

75 

2 

0 

* 

15,000 

22.5 

4 

72.5 

0 

1 

150* 

29 

6,800 

26 

3 

71 

0 

0 

000 
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Table  1. — Continued 


Date 


Sept. 


Oct. 


23 

24 
25 
27 
30 
2 
4 


No. 
Leuko- 
cytes 


Per  Cent. 
Polynu- 
clears 


Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent. 

Large         Small         Baso-         Eosin- 
Lymph.      Lymph.        phils  ophils 


64 

42 

41.5 

25.5 

30 

41 

28.5 


2.5 

3 

2 

2.5 

2 

5 

4 


*Two  c.c 


12,000 
15,200 
16,600 
12,600 
10,400 
13,200 
11,600 
of  original  extract  given  intraperitoneally  in  each  instance. 


30.5 

32 

34.5 

54.5 

61 

46 

60.5 


00 
3 


3,5 

7.5 
4 
1 
0.5 


3 
20 
18.5 
10 

3 

7 

6.5 


No.  of 
Eosin- 
ophils 

360* 
3,040 
3,071 
1,260 

304 

924 

744 


Table  2. — Blood-Counts   in   Guinea-Pig   51 


Date 


June 


July 


Sept. 


Oct 
Nov. 


26 
27 
28 
1 
2 
3 
5 
6 
8 
9 

10 
11 
12 
13 
15 
16 
17 
18 
19 
20 
22 
23 
24 
25 
26 
27 
29 
23 
27 
30 
2 
4 
6 
7 
8 
9 
11 


No. 
Leuko- 
cytes 

5,000 

7,000 

7,200 

8,800 

7,000 

9,000 

8,200 

5,000 

7,400 

10,400 

14,800 

16,400 

20,000 
12,000 
17,000 
7,000 
6,800 
5,400 
4,900 
3,800 

7,600 

8,800 

5,400 

12,400 

10,800 

11,000 

15,600 

10,200 

12,000 

7,000 

8,000 

13,200 

11,200 


Per  Cent. 
Polynu- 
clears 

13.5 

35 

35 

18.5 

30.5 

19.5 

2 
37 
17 
19.5 
48.5 
39 

14 

60 

16.5 

54 

29.5 

39.5 

38 

30 

36 

26.5 

37 
12.5 
30.5 
24.5 
14 
14 
16 
25.5 
10.5 
31.5 
30 


Per  Cent. 

Large 
Lymph. 

0.5 

2 

4 

0.5 

0.5 

1 

4 

4.5 

1 

4 

2 

3 

1 

0 

1.5 

2.5 

1.5 

0 

4 

2 

6.5 

1.5 

4 

1.5 
2.5 
2.5 
1 
4 
5 

3.5 
6.5 
2.5 
5 


Per  Cent. 

Small 
Lymph. 

86 

62.5 

60 

79 

68.5 

76 

94 

46.5 

82 

69 

47 

54 

84 

40 

79 

42.5 

65.5 

59 

57 

68 

53 

68.5 

58 
85 
66 
66 
83 
81 
78 
62 
81.5 
63.5 
61 


Percent.  Per  Cent. 
Baso-         Eosin- 
phils  ophils 


0 

0.5 

1 

0.5 

0.5 

1.5 

0 

1.5 

0 

3.5 

2 

2 

0.5 

0 

0 

0 

0.5 

0 

1 

0 

4.5 

1.5 

1 
0 
1 
4 
1 
0 
0 
5 

1.5 
2 
0 


0 
0 
0 

1.5 
0 
2 
0 

10.5 
0 
4 

0.5 
2 

0.5 

0 

3 

1 

3 

1.5 

0 

0 

0 

2 

0 
1 
0 
3 
1 
1 
1 

6.5 
0 

0.5 
4 


No.  of 
Eosin- 
ophils 

000 

000 

000 

134* 

000 

180t 

OOOt 

750§ 

000§ 

408§ 

25§ 
328§ 
000§ 
100§ 
000§ 
510§ 

70§ 
204§ 

81§ 
000§ 
000§ 

§ 

000§ 

§ 

176§ 


000 

124 
00 

330 

156 

102 

12011 

455 
00 
66 

448 


*Two  c.c.  original  extract  given  intraperitoneally;  t3  c.c;   tf  c.c;   §5  c.c. 
HTwo  c.c.  filtrate  after  coagulation  of  albumin  by  heat  and  acidulation. 


Table  3. — Blood-Couxts  in  Guinea-Pig  46 


Date 

No. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Xo.  of 

Leuko- 

Polynu- 

Large 

Small 

Baso- 

Eosin- 

Eosin- 

cytes 

clears 

Lymph. 

Lymph. 

phils 

ophils 

ophils 

Mav   8 

11.600 

37 

4.5 

54.5 

1.5 

2.5 

290 

20 

13,700 

39 

5.5 

53.5 

00 

2 

274* 

21 

13,400 

25 

2 

69.5 

0.5 

3 

402 

22 

13,400 

12.5 

4.5 

81 

0 

2 

268t 

24 

12,400 

18 

1.5 

80 

0 

0.5 

62t 

27 

16,000 

17 

2 

79 

0 

2 

320t 

28 

13.200 

t 

31 

9,000 

24" 

11" 

61' 

1 

3 

270t 

June   1 

12,200 

22.5 

5.5 

69 

1 

2 

244t 

3 

9,000 

19.5 

2.5 

76 

0.5 

1.5 

135t 

6 

12,000 

35 

4.5 

55.5 

0 

5 

600t 

7 

14,000 

25.5 

4 

66.5 

3 

1 

140t 

8 

22,000 

15 

2 

79 

2 

2 

440t 

10 

11,000 

31 

5 

60.5 

1 

2.5 

330 

11 

17,500 

13 

1 

83 

0 

3 

525t 

13 

t 

14 

19,000 

10.5 

3^5 

80" 

ois 

5.5 

1.078 

20 

9,000 

16 

0 

84 

0 

0 

00 

24 

9.800 

18 

2 

77 

0 

3 

294t 

25 

12,800 

10 

2.5 

83.5 

0 

4 

512 

26 

16,000 

8.5 

3.5 

86 

0.5 

1.5 

240 

27 

14,200 

7 

2 

91 

0 

0 

000 

28 

12,800 

19.5 

0.5 

78.5 

1.5 

0 

000 

29 

20,200 

11 

1 

86 

0 

2 

404 

Julv   2 

19.400 

4 

0 

95 

1 

0 

000 

6 

19.800 

20 

3 

71 

2 

4 

732 

8 

14.200 

11.5 

0.5 

88 

0 

0 

ooot 

9 

11.000 

6.5 

1 

89 

0 

3.5 

380 

10 

10,000 

29 

0 

65 

1 

5 

500t 

11 

17,200 

6.5 

0.5 

91.5 

0 

1.5 

258t 

12 

11,000 

5 

0 

81 

0 

14 

l,540t 

13 

11,000 

6 

2 

86 

1 

5 

550 

15 

10,800 

5.5 

3.5 

87.5 

0 

3.5 

378t 

16 

14,000 

19 

1 

71 

0 

9 

1.260t 

17 

11,000 

18 

1 

77 

2.5 

1.5 

165t 

18 

14.000 

13 

1 

79 

2 

5 

700t 

19 

15,000 

23.5 

1.5 

69.5 

0.5 

5 

750t 

20 

15.800 

16.5 

1.5 

71 

4 

7 

l,106t 

22 

12,800 

15 

2 

72 

2 

9 

l,152t 

23 

15,000 

16 

2.5 

72 

1.5 

7.5 

l,125t 

24 

t 

25 

isieoo 

9 

2 

so"' 

2 

'7" 

952t 

26 

t 

27 

.... 

t 

29 

13,000 

11 

2" 

84" 

2" 

260 

Sept.  22 

t 

23 

13,400 

13^5 

L5 

70  " 

0"' 

i5 

2,010 

25 

15,000 

24 

1 

60 

2 

13 

1,950 

27 

10.800 

28 

2 

54 

1 

15 

1.620 

30 

7.000 

21 

4 

63.5 

0.5 

11 

770 

Oct.    2 

17,000 

16 

1 

72 

0 

9 

1,460 

4 

10,200 

17 

2 

76 

0 

5 

510 

Xov.   6 

17,200 

24 

3.5 

66 

1.5 

5 

860$ 

7 

6.800 

29.5 

11.5 

49 

0 

20 

1,360 

8 

16,200 

23 

6 

54.5 

1 

15.5 

2,511 

9 

15.200 

22 

] 

68 

4 

5 

760 

11 

7,200 

18 

2 

69 

2 

9 

648§ 

12 

10,200 

8.5 

3.5 

86 

0.5 

1.5 

153 

13 

12,400 

12 

3 

80 

0 

5 

620 

14 

9,600 

8 

3 

87 

0 

2 

192 

*Five  c.c.  original  extract  intraperitoneally ;  t2  c.c.  doses. 
JTwo  c.c.  solution  in  0.5  per  cent,  saline  of  protein  of  extract  precipitated  by 
acetone. 

§Two  c.c.  filtrate  after  coagulation  of  protein  with  heat  and  aeidulation. 
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Table  4. — Blood-Counts   in    Guinea-Pig   45 


Date 


May        8 
10 
15 
40  min.  later 
June       5 
10:30  a.  m. 
10:50  a.  m. 
11:30  a.  m. 
4:30  p.  m. 
June       6 


10 
11 
12 
13 
14 
20 
24 
25 
26 
27 
28 
29 
2 
6 
8 
10 
12 
15 
18 
20 
22 
23 


No.  Per  Cent. 
Leuko-  Polynu- 
cytes        clears 


Percent.  Per  Cent. 

Large         Small 
Lymph.      Lymph. 


July 


12,000 

9,400 

11,400 

10,800 

7,000 


8,000 
16,400 
9,000 
9,600 
8,600 
10,800 
14,200 
10,000 
9,400 
17,400 
11,000 
16,400 
13,400 
22,400 
14,800 
25,000 
24,400 
23,600 
24,200 
20,000 
25,200 
15,000 
13,000 
11,600 
20,600 
16,800 


31 

29.5 

32 

32 

19.5 


63 
28 
24.5 

8 
13 

7 
12 

9.5 
15 
27 
43 
28.5 
20 
32 
36 
11 
10 
31 
20 
42 
10 
26 
19 
49 
16 
14 


4 

3.5 

5 

0 

0 


1 

4.5 

2 

2 

3 

1 

3 

2 

1 

1 

2.5 

1 

4 

0 

2 

3 

0 

1 

1 

1 

1 

0 

1 

5 

2 


60 
61.5 
59 
67 

78.5 


27 

65 

56.5 

86 

85 

85 

66 

79.5 

79 

70 

55 

53.5 

75 

63 

62 

87 

86 

65 

76 

56 

88 

73 

81 

44 

78 

82 


Per  Cent. 

Per  Cent. 

No.  of 

Baso- 

Eosin- 

Eosin- 

phils 

ophils 

ophils 

3 

2 

240* 

3 

2.5 

235 

2 

2 

228t 

0 

1 

108 

0 

2 

140$ 

2 

1 

3 

0 

0 

4 

6 

1.5 

0 

0 

0 

1 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


5 
11.5 

4 

0 

1 
15 

6.5 

4 

2 

1 
14.5 

4 

1 

0 

0 

1 

4 

3 

1 

1 

0 

0 

6 

1 

2 


480 
820 

1,035 
384 
00 
108t 

2,030 
650 
776 
348 

not 

2,378 

536 

224 

000 

00 

224 

944 

726 

200 

252 

00 

00 

696 

206§ 

336 


*Weight   320   gm.      fTwo   c.c.   extract   intraperitoneally.      JFour   c.c.    extract 
intraperitoneally.     Dyspnea,  cyanosis,  twitching,  paralysis.  §  Weight  650  gm. 


Table  5. — Blood-Count  in  Guinea-Pig  50.     Weight  245  Geams 


Date 

No. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

No.  of 

Leuko- 

Polynu- 

Large 

Small 

Baso- 

Eosin- 

Eosin- 

Sept. 2. 

cytes 

clears 

Lymph. 

Lymph. 

phils 

ophils 

ophils 

Sept.     23 

6,200 

38 

2 

58 

1 

1 

62* 

27 

4,600 

47.5 

5.5 

47 

0 

0 

00 

30 

7,600 

50 

7 

39.5 

2.5 

1 

76 

Oct.        2 

6,200 

30.5 

4.5 

61.5 

1.5 

3 

186 

4 

5,600 

36 

5.5 

56 

0 

2.5 

140 

30 

5.600 

24 

1 

67 

2 

6 

336t 

*Two  c.cm.  extract  intraperitoneally. 

tTwo  c.c.  solution  in  0.5  per  cent,  salt  solution  of  protein  of  Ascaris  extract 
precipitated  by  acetone.     Dyspnea,  paralysis,  death  after  45  minutes. 
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June 


July 


Table  6. — B 

LOOD-COUNT    IN    GUI 

NEA-PiG    4 

7 

Date 

No. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

No.  of 

Leuko- 

Polynu- 

Large 

Small 

Baso- 

Eosin- 

Eosin- 

cytes 

clears 

Lymph. 

Lymph. 

phils 

ophils 

ophils 

?    26 

14,600 

42 

0.5 

54.5 

0 

3 

438 

27 

12,000 

32.5 

3 

62 

1.5 

1 

120 

28 

8,000 

32 

2 

63 

0 

3 

240 

29 

11,000 

19 

1 

79 

0 

1 

110 

5 

9,600 

34.5 

2.5 

63 

0 

0 

000* 

6 

14,000 

28 

1.5 

70 

1.5 

1 

140 

8 

10,600 

18 

1 

80 

0 

1 

106 

10 

10,200 

25.5 

1.5 

71.5 

0 

1.5 

153* 

11 

18,400 

55.5 

1 

40.5 

0 

3 

552 

12 

25,400 

24 

2 

70 

1 

3 

762 

13 

14.200 

28.5 

0.5 

67 

0 

4 

562 

15 

11,600 

32 

3 

64 

0 

1 

116 

18 

11,800 

6.5 

1.5 

91.5 

0.5 

0 

000* 

19 

17,800 

20 

0 

71 

3 

6 

1,068 

20 

15,800 

42 

0.5 

44 

2 

11.5 

1,817 

22 

11,600 

4 

2 

93 

1 

0 

000 

24 

12,600 

21 

1 

72 

2 

4 

504* 

25 

24,400 

35.5 

0.5 

53 

4 

7 

1,708 

26 

19,600 

32.5 

2 

50.5 

2 

13 

2,548 

27 

23,600 

18 

1 

75 

1 

5 

1.180 

29 

8,400 

51.5 

0.5 

40 

7.5 

0.5 

42 

'^Two  c.c.  original  extract  intraperitoneally. 


Table  7. — Blood-Counts   in   Guinea-Pig   36 


Date  No.       Per  Cent.  Per  Cent. 

Leuko-     Polynu-       Large 

cytes        clears        Lymph. 


May 


June 


July 


8 

16,000 

46 

20 

11,200 

44 

21 

13,600 

46 

22 

18,400 

20 

24 

16,200 

30 

27 

7,000 

21 

28 

10,600 

31 

9,000 

39 

1 

10,000 

31 

3 

15,000 

19 

4 

12,000 

19 

5 

18,000 

28 

6 

7 

7,800 

27 

8 

10,400 

21 

10 

13,400 

22 

11 

13 

14 

10,000 

10 

20 

10,200 

24 

24 

15,000 

19 

25 

14,400 

37 

2 

26,000 

15 

5 

27,800 

18 

Per  Cent.  Per  Cent.  Per  Cent. 

Small         Baso-         Eosin- 
Lymph.        phils  ophils 


40 
40 
40 
73 
60 


49 
59 
59 
70 
58 

60 
69 


80 
56 
63 
49 
79 
75 


2 
1 
1 
0 
1 
1 

2 
2 
1 
1 
1 

0 

1.5 

1 


10 
10 

2 


15 

15 

9 

10 

12 
7.5 
9 


9 
18 
11 
9 
2 
6 


No.  of 
Eosin- 
ophils 

1,280 

1.120* 

1,360* 

268t 

l,296t 

420t 


720t 
l,500t 
2,250t 
l,080t 
l,800t 
t 

936t 

780t 
1.200t 

t 

t 

900 
1,836 
2,650 
1,296 

520 
1,668 
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-Continued 

D; 

ate 

Xo. 

Per  Cent. 

Per  Cent. 

.   Per  Cent. 

Per  Cent. 

Per  Cent. 

No.  of 

Leuko- 
cytes 

23.7<W 

Polyini- 
clears 

21 

Large 
Lynipli. 

0 

Small 
Lymph. 

74 

Baso- 
phils 

0 

Eosin- 
ophils 

5 

Eosin- 

ophils 

8 

1.185 

lu 

24.200 

24 

2 

65 

0 

<) 

2.178 

12 

27.800 

27 

0 

60 

0 

13 

3.618 

15 

25,000 

37 

1 

56 

1 

5 

1.250t 

16 

ol.tiOO 

46 

0 

43 

1 

10 

3.160 

17 

22.800 

28 

1 

05 

0 

6 

1,368 

18 

32.800 

23 

1 

69 

1 

(i 

1,968 

20 

28.600 

2t 

0 

62 

1 

13 

3.618 

22 

23.600 

33 

0 

44 

1 

22 

5.172 

23 

22.000 

27 

0 

63 

1 

il 

1.980 

2t) 

21.600- 

o8 

0 

53 

0 

9 

1.944 

2S> 

13.000 

40.5 

2.5 

38 

3 

16 

2.080 

Sept. 

23 

15.000 

28 

3 

54 

0 

15 

2.250 

27 

9.800 

32 

3.5 

45.5 

1.5 

17.5 

1.715 

Oct. 

o 

12.000 

22 

3 

56 

0 

19 

2.280 

4 

lO.WU,' 

14 

1 

71.5 

2.5 

11 

1.100 

Nov. 

6 

13.800 

30 

o 

43 

2 

22 

3.036$ 

7 

11.000 

22.5 

0 

54 

•> 

21.5 

2.365 

8 

12.800 

27 

4 

44 

o 

23 

2.944 

9 

15,600 

15 

5 

00 

2 

18 

2.808 

■Five  c.c.  origiiml  extract  intraperitoneally -.  f-  f.c. :   ±2  c.c.  extract  previously 


boile<l. 


Table    8. — Blood-Counts    ix    CUixka-Pig    4S 


Date 


Sept. 


Oct. 


Nov. 


Xo.        Per  Cent.  Per  Cent.  Per  Cent 
Leuko-     Polynu-       Large  Small 

cytes        clears        Lymph.      Lymph. 


23 

8.40(1 

42 

27 

13.200 

40.5 

30 

10.000 

25 

1 

13.000 

(UJ 

2 

11.600 

611.5 

4 

8.8(ro 

lil 

7 

12.000 

21.5 

9 

14.400 

30 

8.50(1 

37 

31 

s.ooi) 

19.5 

1 

10.800 

4'i 

-7 

5.4(ro 

Hi 

6 

10. 000 

41.5 

7 

16.40(1 

40.5 

8 

11.200 

30 

9 

13.400 

25 

11 

11.000 

27.5 

12 

11.000 

32 

13 

7.200 

13 

14 

8.600 

21 

10 
7. 
4. 
4 
1 


O.J..) 

48.5 

72.5 

28 

32 

80 

76 

57 

04.5 

46  5 

78 

53 

34.5 

67 

59.5 

61.5 

63 

83 

75 


•  Cent. 

Per  Cent. 

Xo.  of 

!aso- 

Eosin- 

Eosin- 

hils 

ophils 

ophils 

1.5 

00 

00^ 

0 

1 

132 

(t.5 

0 

oot 

0 

3.5 

305 

2 

2 

232 

1 

0 

00 

0 

(t.5 

60 

1 

1 

'"m 

4.5 

3.5 

280 

0.5 

11 

1.188 

0 

4 

216 

1 

■1 

200t 

3 

IS 

2.952 

0 

1 

112 

1 

4.5 

603 

(If.  5 

3 

33(1  j; 

0 

0.5 

.1.") 

0 

00 

00 

2 

1 

iii 

*T\vo   c.c.   extract    intraperitoneally. 

fTwo  c.c.  extract  intraperitoneally    (solution  previously  boiled). 

JOne  and  five-tenths  c.c.  solution  of  acetone  ])recipitate  injected  intraj)eri- 
toneallv. 

§T\vo  c.c.  filtrate  after  coagulation  of  alliuniin  of  extract  by  heat  and 
acidulation. 
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Table  !). — Blood-Counts  i.\  C4uixea-Pig  53 

Date  Xo.       Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent. 

Leuko-     Polynu-       Large  Small  Baso- 

cytes        clears        Lynijili.      Lynipli.         pliils 


Dec. 


6 

18.200 

30 

2 

7 

21.000 

72.5 

6.5 

11 

22.800 

36 

7 

13 

20.000 

.lO 

11.5 

16 

10.200 

27 

7 

17 

30,000 

66 

11 

18 

11.800 

43 

4 

10 

4.800 

34.5 

6.5 

20 

9.400 

30 

4 

54 

14 

45.5 

35.5 

60 

14 

40 

56.5 

57 


0 

1 

3.5 

0.5 

0 

1 

1 

0.5 


Per  Cent. 
Eosin- 

opliils 

8 
6 
8 

2.5 
6 
8 
12 


"Two  c.c.  extract  intraperiti>neally :  t3  c.c.  extract  intrai>eritonea]ly 
tremor,  convulsive  movements. 


No.  of 
Eosin- 
ophils 

1,456"- 

1.260 

1,824 

500 

612t 

2.400* 

1.416* 

96* 

658 

dyspnea, 


Table   10. — Blood-Counts  in  Guinea-Pig  34 


Di 

ate 

Xo. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

,  Per  Cent. 

Per  Cent. 

Xo.  of 

Leuko- 
cytes 

Polynu- 
clears 

Large 
Lymph. 

Small 
Lymph. 

Baso- 
phils 

Eosin- 
ophils 

Eosin- 

oj>liils 

Mav 

8, 

19, 

15 

10.000 

23.5 

3 

70.5 

1.5 

1.5 

150* 

June 

3 

10.200 

8 

0 

88 

0 

4 

408t 

3    p. 

m. 

9.000 

13 

1.5 

82.5 

0 

3 

270 

4:30 

p.   m. 

14.000 

44 

1 

48 

1 

5 

700 

.Jinie 

4 

2    p. 

m. 

19.600 

44 

1 

44.5 

3.5 

7 

1.384 

4    p. 

m. 

1 4.000 

39 

3 

46 

1 

10 

1.400 

June 

5 

17.000 

15.5 

2 

78 

0.5 

5 

850 

6 

8.000 

17 

0 

tiO 

0 

23 

1.840 

7 

12.000 

4.5 

4 

82 

0 

9.5 

1.140 

S 

12.200 

19 

0.5 

76.5 

0 

4 

488 

10 

17.600 

38 

2 

57 

0 

3 

428* 

11 

21.000 

37.5 

2.5 

51.5 

0.5 

8 

1,680 

12 

19.800 

27 

4 

53 

0 

16 

3,168 

13 

14.400 

7.5 

1 

86.5 

0 

4 

576 

14 

12.000 

20 

2 

05 

1 

10 

1,200 

20 

16.000 

20 

0.5 

77.5 

{) 

2 

320 

24 

16.800 

24 

1 

68 

(7 

3 

504* 

25 

28.000 

23 

1.5 

67 

0.5 

10 

2.800 

2C 

13.400 

33.5 

0 

45 

2 

19.5 

2.613 

27 

12.000 

4 

1 

91 

1 

3 

360 

28 

12.600 

4 

3 

89.5 

0.5 

3 

378 

29 

12.400 

25 

1 

67 

0 

6 

744 

•July 

2 

12.00(» 

2.5 

0 

92.5 

1 

4 

480 

3 

17.000 

37 

1.5 

50 

1 

9.5 

1.615 

5 

13.000 

24 

1 

74 

0 

1 

130 

8 

8.400 

24.5 

1 

()S.5 

1 

5 

420 

10 

14.200 

29 

2 

62 

2 

5 

710 

12 

9.600 

2 

1 

96 

1 

1 

96 

15 

9.OO0 

33 

0 

59.5 

0 

7.5 

675* 

16 

18.200 

18 

0.5 

76.5 

1 

4 

728 

17 

15.200 

33 

1 

45 

0 

21 

3,192 

18 

19.600 

20 

2.5 

6!).5 

0 

8 

1.568 

20 

15.4(ro 

35 

2 

57 

0 

6 

924 

24 

13.000 

21.5 

1 

71 

1.5 

5 

650 

27 

17.000 

23 

1 

68 

1 

7 

1,190* 

29 

13.600 

32 

3 

49 

1 

15 

2.040 

*U 

wo  c.c. 

exiract 

intrajx'riti 

Diically.     t 

Two  c.c.  c 

xlract  iiili 

aperilone; 

illy  2  p.  11 

UNSATUEATED  FATTY  ACID  AS  A  NEUEOLYTIC  AGENT* 
HERMAN  M.  ABLER,  M.D. 

BOSTOX 

This  communication  is  a  brief  report  of  some  experiments  conducted 
with  the  purpose  of  determining  whether  certain  hemolytic  substances 
had  a  lytic  effect  on  the  nerve  cell  and  what  the  consequences  of  +his 
lytic  action  might  be  in  the  surrounding  tissue.  Experiments  were  con- 
ducted on  five  cats.  The  substances  employed  were  oleic  acid  and  triolein. 
Oleic  acid,  as  is  well  known,  is  hemolytic,  whereas  triolein  is  not.  Oleic 
acid  is  an  unsaturated  fatty  acid,  and  on  that  account,  as  Faust  and 
Tallquist^  have  shown,  is  hemolytic.  It  is  capable  of  forming  soaps  with 
bases,  and  therefore  of  going  into  colloidal  solution  in  the  body  fluids. 
Triolein  is  a  combination  of  three  molecules  of  oleic  acid  attached  to  a 
molecule  of  glycerin.  It  is  a  neutral  fat;  that  is,  it  is  not  capable  of 
forming  soaps  with  bases  and  therefore  can  not  go  into  colloidal  solution 
in  the  body  fluids.  Triolein  may,  under  suitable  conditions,  be  emulsified 
in  watei'y  solutions.  The  difference  in  hemolytic  action  is,  therefore, 
dependent  on  physical  causes.  The  triolein,  which  contains  three  mol- 
ecules of  unsaturated  fatty  acid,  does  not  hemolyze  the  red  cell  because 
it  can  not  reach  it,  being  present  as  an  oil,  however  finely  divided,  and 
therefore  unable,  probably,  to  pass  through  the  wall  of  the  red  cell.  Oleic 
acid  being  able  to  go  into  colloidal  solution  is  able  to  pass  through  the 
wall  of  the  red  blood-cell  and  mix  colloidally  with  the  contents. 

In  two  cats  oleic  acid  was  injected  into  the  brain  ;  in  three,  triolein 
was  injected  under  similar  conditions  into  the  brain. 

TROTOCOLS 

The  protocols  in  brief  are  as  follows : 

Cat  9S. — Jan.  31.  1912.  The  cat  was  etherized  at  9:50  a.  m..  shaved,  and  the 
operation  started  at  10:30.  An  incision  was  made  a  little  to  the  right  of  the 
median  line  about  1.5  cm.  in  length.  The  sl<iill  was  trephined  in  about  the  center 
of  this  incision  and  0.1  e.c.  of  oleic  acid  was  injected.  The  wound  was  closed 
with  two  black  silk  sutures,  drieii  with  ether,  and  covered  with  collodion  and 
cotton. 

Feb.  3.  1912.  The  cat  seemed  to  have  recovered  from  the  effects  of  the  opera- 
tion and  was  put  in  with  the  other  cats. 

Feb.  6.  1912.  The  sutures  were  removed  and  an  attempt  was  made  to  reenter 
the  brain  with  a  needle.  In  doing  this,  the  wound  was  opened.  0.3  c.c.  of  oleic 
acid  was  injected  in  all,  0.1  c.c.  in  each  of  three  places.  The  last  injection  went 
the  deepest,  downward  and  backward.     The  etherization  was  begun  at  3:05  p.  m. 


*  Submitted  for  publication  in  Thk  Archives  Dec.  0.  1912. 

^From  the  Laboratory  of  the  Danvers  State  Hospital.     Xo.  24  of  the  Danvers 
State  Hospital  Series. 

1.   Faust  and  Tallquist:    Arcli.  f.  exper.  Path.  u.  I'harm..   1907.  Ivii.  375. 
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I  i!<iii  I  i:s    or    I  \  1 1. 1;  \  i  /.     1/  inni  \  1: 


;i)iil  llic  'i|)('rati<)ii  i-')U\\>U'U'i\  ill  \:\7)  \i.  in.  I  lie  voiind  \\;i«  ;i;i:iiri  (-Ifiscd  with  oiX! 
silk  siitiiic,  dried,  and  (;f)\{M<'d  willi  <<illodioii  and  (••jUoii.  'I  Ik-  oat  was  found  dead 
tli<'  next  niorniiifr.  'I  lie  Kkiill  wax  opened  and  tlie  Inain  removed.  'I  heie  was  a 
lieniori  iiafre  at  the  site  of  the  injection. 

Aiilopsi/. — 'I  he  (indin;:-i  a1  autojtsy  weic  as  fidiows:  The  yi'oss  seetion  of  the 
Inain  sliowed  a  laijic  heinonlnifii(r  frjcus  in  the  white  snhstaiK-e.  Tiie  individual 
injeetitnis  could  Ix'  made  out.  The  lesion  had  a  fhoeolate  brown  color,  which  is 
ehaiacteristic  of  the  coniliinatiori  of  oleic  acid  and  l;!ood.  Il  i-  noteworthy  that 
th<'  <iiscoloratioii  was  not  confined  entirely  to  the  site  of  tli:-  hcnionha^c;,  hut 
extended  tliioufiluMit  the  white  mat<ei'  in  the  neighborhood,  so  that  on  the  aH'ecte*] 
side  the  gniy  matter    i  |)|ii:i  icil    |,;ili'   by  cnnh-ast.  tn>  rc\-er^e  of  noi-inal  as  shown 


Kig.    I.      l>iain  ol   (at  !).S.      I'oui    injccliuu.--  ol   ii.i    ci-.  oleic  ;uiil   cacii    in  about 

the  same  place  into  right   heniispheri'.      Kxtetisivc   l.cniorrhagi'.      The  right  hemi- 

sfthere  is  pushed  r)ver  tow.-irds  the  left   in  the  rc^iion  of  the  ni<'di;in   (issure.  (on- 
voIutioDs  show  no  (latlening. 


on  tlic  Icl'l  ^idc.  '1  lie  anlciji.r  portion  of  the  licn)orrli:i;:e  reprc-cnled  the  older 
of  the  inj<'clions  (about  a  week  between  the  in  jcct  ion*  i .  i  licjc  wen;  no  signs  of 
in<  racranial  pressure  at  autopsy,  yet  the  ri;:lit  licNU'|di<ic'  was  distinctly  (Milarged 
by  th<'  injection,  as  might  be  seen  in  I  lie  cioss  si  ct  ion  by  the  bulging  of  the 
nu'dian  fissure. 

Mi( rosfopicdl  J-JxanriiKilion. — .\Iiero>^copiciilly  ibe  hemorrhage  itscdf  showed  a 
marked  destruction  of  I'eil  blood-cells.  '  Tin-  resulting  brown  pigment  and  detritus 
that  filled  the  area  of  the  lesion  ciiiild  account  for  the  inaci-osco])ic  <lark  color.  In 
the    neighborhood    of    the    lesion    tlii-    pigment    and   o'etritus    was    scattered    thinly 


i-^H 


l-'io;-.  2. — r.rain  ni  (at  I114.  '1  wo  injfctiniis  of  O.L  c.c.  n\'A<.-  acil  at  twn  .liferent 
points  witliiii  tlie  ii<ilit  lieiiii^i)luMe.  Distinct  fnc-al  luMiionliaui'-.  Aii]iarciit1y  no 
great  displacenicjit  of  tisstu'. 
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between  the  cells.  The  nerve  cells  had  not  taken  up  any.  Here  and  there  the  nerve 
celLs,  however,  were  filled  with  globules  of  varying  size  that  stained  intensely 
with  Scharlach  R.  There  was  here  and  there  about  the  periphery  of  the  lesion 
an  amorphous  hyaline  substance  staining  a  pale  blue  with  hematoxylin  and 
thionin.  probably  a  calcium  soap.  There  was  a  marked  destruction  of  nerve  cells 
and  neuroglia,  the  nerve  cells  showing  various  stages  of  degeneration  (vacuoliza- 
tion, etc.).  Some  nerve  cells  showed  distinct  satellitosis.  There  was  a  marked 
increase  of  perivascular  cells.  The  endothelial  cells  about  the  vessels  appeared  to 
be  filled  with  the  brown  pigment  and  granules  taking  the  Sharlach  R.  rather 
indistinctly.  The  neuroglia  at  the  membrana  limitans  of  the  brain  tissue  had 
become  more  active.  The  connective  tissue  cells  around  the  blood  vessels  had 
large  vesicular  nuclei  and  might  possibly  be  active.  All  along  the  course  of  the 
blood-vessels  were  cells  with  involuted  nuclei  that  might  be  lymphocytes.  The 
vessels  were  filled  with  fat.  The  increase  of  cells  about  the  vessels  was  com- 
])arable  to  the  increase  of  neuroglia  cells. 

Cat  lO'f. — Feb.  27.  liUi.  Etherization  was  began  at  OiKT  a.  m.  and  completed 
at  9:30  a.  m.  An  incision  about  1.5  cm.  was  made  just  to  the  right  of  the  median 
line  and  the  skull  was  trephined.  One  tenth  c.c.  of  oleic  acid  was  injected  in  each 
of  two  places.  The  wound  was  closed  with  silk  sutures  and  covered  with  collodion 
and  cotton.  The  operation  was  completed  at  10:10  a.  m.  The  cat  did  not  recover 
fully  from  the  ether  and  died  in  the  early  part  of  the  afternoon.  On  removing 
the  calvarium  the  dura  was  found  to  be  torn,  appaiently  by  the  trephine.  There 
was  a  hemorrhage  over  the  point  of  injection  extending  over  the  side  of  the  brain 
to  the  inferior  surface.  Thei'e  was  a  brownish  deposit  of  oil  in  the  dura  luider 
the  brain. 

Microscopical  Ewdiii  inn  lion. — Tlie  duration  of  this  experiment  was  only  a 
few  hours.  The  destruction  of  the  blood-cells  at  the  site  of  the  main  lesion  was 
not  as  complete  as  in  the  previous  experiment,  but  was  nevertheless  very  marked. 
In  the  Jieighhorhood  of  the  lesion  there  was  a  large  amount  of  detritus  and 
i)lood-pigment  in  tlie  biain  substance.  The  reaction  around  the  vessels  observed 
in  the  foregoing  expeiimcnt  was  not  noticeable  here,  although  here  and  there 
there  was  an  indication  of  a  beginning  proliferation.  In  the  immediate  neighbor- 
hood of  the  lesion  some  of  the  nerve  cells  showed  destruction.  There  was  a 
marked  satellitosis  about  Hiese  cells  which  was  not  noticeable  at  a  distance  fioni 
the  lesion. 

Cat  103. — Feb.  27.  1!U2.  FtYierization  was  begun  at  l(l:(t5  a.  m..  and  com- 
pleted at  10:40  a.  m.  The  incision  was  made  just  to  the  right  of  the  median  line 
and  the  skull  was  trephined.  There  was  considerable  hemorrhage  of  apparently 
venous  blood.  This  was  finally  checked  and  0.2  c.c.  of  triolein  was  injected  in  one 
place.  The  wound  was  closed  with  two  black  silk  sutures,  dried,  and  covered 
with  collodion  and  cotton.  The  o])eration  was  conipleted  at  11:25  a.  m.  Later 
in  the  afternoon  the  cat  was  rather  stupid  and  in  a  semiconscious  condition. 

Feb.  28,  1912.  The  cat  was  found  dead  in  the  morning.  The  skull  was  opened 
and  the  brain  removed.  Ihere  was  a  hemorrhage  beneath  the  dura  at  the  point 
of  injection.     There  was  also  a   hcnioriliage  in  the  light  lateral   ventricle. 

Cat  /OJ.— Feb.  2'.).  1!I12.  Ftheri/.ed  at  0:10  a.  ni.  Operation  begun  at  9:55 
a.  m.  The  skull  was  ticiiliined  in  about  the  same  place  as  in  the  other  cases, 
and  0.1  c.c.  of  triolein  was  injected.  The  wound  was  closed  with  silk  suture,  dried. 
and  covered  with  collodion  and  cotton.  The  operation  w'as  comi)!eted  at  10:10 
a.  m.     The  eat  recovi  ii'<l  from  the  other  very  easily  and  sci'iikm]  iicifectly  normal. 

March   1.  1912.      I  lie  cat  was  well  and  quite  playful. 

March  2.  1!I12.  The  cat  was  chloroformed  and  the  skull  o])ened  and  the 
brain  renioxcd.  ilicic  was  a  slight  hemorrhage  beneath  tin'  dura  at  the  point  of 
injection. 

Cat  KKi. — Feb.  29.  1912.  The  cat  was  etherized  at  10:20  a.  m.  'i'he  operation 
was  begun  at  10:.'15  a.  iii.  '!  lie  skull  was  trephined  on  the  right  side  and  there 
was  considerable  Ikhii-  lirmnn  hai;f.     'ibis  was  finallv  checked  and  0.3  c.c.  of  triolein 


}C(( 


Fig.  3.— Brain  of  Cat  lOG.  This  picture  shows  the  appearance  of  tlie  brains 
of  the"  three  cats  injected  with  triolein  instead  of  oleic  acid.  0.3  c.c.  of  triolein 
was  injected  into  one  place  in  the  right  hemisphere.  Two  days  later  the  brain  was 
removed.    Xo  hemorrhage.     No  sign  of  the  injected  oil.  except  microscopically. 
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was  injected  in  one  i)lace  in  the  I'iglit  lieniisphere.  The  wound  was  closed  with 
three  silk  sutures,  dried,  and  covered  with  collodion  and  cotton.  The  cat  recovered 
from  the  effects  of  the  ether  and  seemed  normal. 

^larcli  1.  1912.  The  cat  was  well,  and  williiii:  tc  he  petted  and  to  play  witli 
a   straw. 

March  2.  1912.  The  cat  was  chloroformed,  the  skull  opened,  and  the  brain 
removed.  There  was  little  to  see  externally  except  a  slight  congestion  at  the 
point   of  injection. 

Microscopical  Exatniiidtion  of  the  JSraiii.s  of  Cats  10.].  JO').  lOiL — With  the 
exception  of  Cat  103  there  were  no  signs  of  hemorrhage  in  these  three  cats.  In 
103  tlie  hemorrhage  was  probably  caused  by  a  dull  trephine  rather  than  by  the 
injection,  as  venous  blood  poured  out  from  under  the  dura  during  the  operation. 
The  hemorrhage  Mas  confined  to  the  subdural  space  and  the  lateral  ventricle.  The 
reactions,  such  as  perivascular  proliferation,  nerve  cell  alteration,  satellitosis,  and 
the  appearanc?  of  the  brown  detritus  due  to  the  destruction  of  the  blood-cells, 
were  either  mild  or  in  the  latter  case  absent.  Cat  103,  which  had  a  hemorrhage, 
showed  microscopically  ]>ractically  no  hemolysis,  i^t  the  site  of  the  liemorrhage 
there  was  a  large  amount  of  nnabsorbed  fat.  a]i]iarent]y  unaltered  triolein.  There 
was  considerable  unaltered  triolein  in  the  me-^hes  of  the  pia  mater.  The  pia 
cells  appeared  quite  active.  Cat  105  showed  microscopically  a  small  hemorrhage 
into  the  white  substance.  This  hemorrhage  in  Cat  105  as  in  Cat  103  is  to  be 
regarded  as  mechanical  in  origin,  as  evidenced  by  its  small  size  and  by  the  absence 
of  hemolysis  and  blood-pigment  and  detritus  in  its  vicinity.  The  endothelial 
cells  about  these  hemorrhages  had  taken  u]i  what  fat  they  could,  but  tliere 
semed  to  be  no  evidence  of  increase  in  the  number  of  endothelial  cells. 

The  reaction,  therefore,  seems  in  tlie  case  of  triolein  injections  to  be 
confined  to  the  site  of  the  injection  and  to  the  immediate  disposal  of  as 
much  triolein  as  possible,  whereas  in  the  case  of  oleic  acid  the  size  of  the 
intracerebral  hemorrhage,  the  nerve  cell  alteration,  such  as  vacuolization, 
satellitosis,  perivascular  reaction  and  tlie  appearance  of  the  lirown 
granular  pigment,  indicate  a  more  or  less  destructive  action  on  the  nerve 
cells  as  well  as  on  the  red  blood-cells.  The  ])eri vascular  proliferation  and 
the  satellitosis  might,  in  view  of  these  ex])eriiiients.  he  regarded  as  of  a 
protective  nature,  having  possibly  to  do  either  witli  the  neutralization  of 
the  unsaturated  fatty  acid  or  with  the  handling  of  the  j^roducts  of  the 
destruction  of  the  nerve  cells  (satellitosis). 

SUMMATIY 

1.  'l^he  above  ex])eriments  show  that  unsaturated  fatty  acid,  of  wliich 
oleic  acid  is  tlie  ty!)e.  is  a  iieurolvtic  agent. 

2.  It  is  probable  that  thi>  neurolytic  action  de])ends  on  the  same 
properties  as  tlio  hemolvtic  action  of  these  substances. 

3.  Perivascular  pioliferation  and  sat(>lliiosis  may  be  associated  with 
pathological  processes  in  wliicli  lytic  falty  substances  play  an  ini])ortaiit 
part. 

4.  An  intracerebral  hemorrhage  may  he  ]uoduced  experimentally 
without  altering  the  blood-pressure  and  willioiil  ti'auiiia.  but  by  means 
of  eheinical  act  iou  alone. 

5.  A  inethod  is  herehv  given  for  ]U'odiiciiig  beiiiorrhages  wilhiii  the 
nervous  system  at  any  desired  point. 

74   Fenwnod   itnad. 
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A    CEITICAL    STUDY    OF    A    CASE    OF    MYIASIS 
DUE    TO    ERISTALIS* 

MAURICE  C.  HALL,  M.A.  axd  JAMES  T.  MUIR,  M.D. 

WASHINGTON,  D.  C.  COLORADO  SPRINGS,  COLO. 

Sept.  2,  1912,  one  of  us  (Muir)  was  called  in  to  see  a  boy,  J.  H.,  5 
years  old,  who  had  been  ailing  for  about  ten  weeks  and  who  was  under 
medical  treatment  for  indigestion  and  obstinate  constipation  for  about 
five  weeks  of  that  time.  The  child  was  emaciated  and  anemic.  Very 
striking  symptoms  were  the  constant  and  pronounced  twitching  of  the 
eyelids  and  other  nervous  movements.  He  gritted  his  teeth  in  his  sleep 
at  times,  and  made  convulsive  movements  of  the  limbs.  When  awake  he 
complained  of  pain  in  the  limbs  and  of  headache.  The  emaciation 
seemed  to  be  due  to  the  fact  that  the  boy  had  for  some  time  vomited 
almost  everything  he  ate.  The  breath  was  very  bad,  "worse  than  rotten 
eggs,"  according  to  his  parents. 

On  the  basis  of  the  nervous  and  digestive  disturbance  and  the  general 
debility,  a  diagnosis  of  worm  infestation  was  made.  The  mother  was 
told  to  call  and  get  some  medicine,  but  instead  of  doing  so  she  bought  a 
bottle  of  a  proprietary  worm  remedy,  on  the  advice  of  a  neighbor,  and 
gave  the  child  a  dose,  according  to  the  directions,  at  noon  of  September 
3.  The  stool  was  passed  at  evening  into  the  slop  jar  which  was  in  regular 
use.  The  jar  had  been  rinsed  with  city  water  from  the  hydrant  in  the 
morning  and  allowed  to  dry  during  the  day.  There  is  no  water  on  the 
place  except  that  of  the  Colorado  Springs  water  system,  available  at  a 
hydrant  in  the  yard  and  a  sink  tap  in  the  house.  On  looking  at  the 
stool  immediately  after  its  passage,  the  boy  noticed  a  strange  object  mov- 
ing around  in  it  and  called  the  father  and  mother  to  see  it.  They  found 
the  object  wriggling  around  vigorously  in  the  feces  and  urine,  and 
attempting  at  times  to  climb  up  the  sides  of  the  jar.  The  specimen  was 
removed  and  put  in  water,  in  which  it  thrashed  around  for  a  time,  and 
was  then  put  in  alcohol,  in  which  it  shriveled  considerably,  according  to 
the  mother  and  father.  The  specimen  was  turned  over  to  Muir,  who 
referred  it  to  Dr.  Trossbach  of  Colorado  Springs.  It  was  sent  by  him  to 
Mr.  W.  W.  Cort  of  Colorado  College,  who  referred  it  to  Hall,  then  in 
Colorado  Springs  on  government  field  work,  for  identification. 

The  specimen  is  one  of  the  "rat-tailed  larvae,"  a  larva  of  one  of  the 
family  Syrphidae  of  the  order  Diptera  or  flies.    The  mother  states  that 
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the  larva  was  originally  yellowish  with  tliree  brown  stripes,  but  when  it 
came  into  our  hands  it  was  black  over  the  entire  body  except  for  a  little 
brownish  coloring  on  the  "tail."  The  anterior  part,  or  body  proper,  is 
1.55  cm.  long,  while  the  ''tail'*'  is  1.65  cm.  long,  a  total  length  of  3.2  cm. 
This  "tail"  is  really  the  breathing  tube  of  the  animal.  These  larvae  live 
in  soft  mud,  wet  manure,  privies  and  other  places  where  there  is  plenty 
of  sufficiently  moist  food,  and  the  "tail"  is  a  stigmatic  tube  which  is  held 
projected  upward  at  the  angle  necessary  to  keep  the  tip  above  the  wet 
material  in  which  the  larva  lives,  thereby  enabling  it  to  bring  down  a 
supply  of  air  for  breathing. 

Williston  (1886),  in  his  synopsis  of  the  Xorth  American  Syrphidae, 
describes  the  larvae  as  follows : 

The  larvae  are  usually  not  very  elongate,  with  firm,  sometimes  tough  skin, 
the  head  segments  small  and  extensile.  Like  the  other  families  of  the  CyclorrapJia, 
the  larvae  of  Syrphidae  do  not  have  a  distinctly  differentiated  head.  The  external 
mouth-parts  are  either  wholly  wanting,  with  only  a  soft  fleshy  opening,  or  there 
are  two  or  four  outwardly  directed  hooklets.  There  are  also  short,  small,  one-  or 
two-jointed  fleshy  antennae.  The  body  is  smooth  or  provided  w^ith  soft,  conical 
projections  and  bristles:  below  usually  with  seven  pairs  of  abdominal  feet.  At  the 
posterior  end,  the  bo3y  terminates  in  a  more  or  less  elongate  tube,  single  or 
double — the  stigmata.  This  sometimes  forms  a  short,  almost  chitinized,  tubercular 
projection  on  the  dorsal  part  of  the  last  segment;  at  other  times  it  is  very  long, 
longer  than  the  body,  slender,  composed  of  two  joints,  the  one  sliding  within 
the  other,  like  the  joints  of  a  telescope.  It  is  never  divaricate,  or  forked  at  the  tip, 
as  in  many  of  the  other  tailed  larvae  in  the  allied  families. 

Supposed  cases  of  gastric  or  intestinal  myiasis  should  always  be 
given  very  careful  consideration  and  investigation.  Our  actual  knowledge 
of  the  subject  is  limited.  To  what  extent  various  dipterous  larvae,  com- 
monly occurring  as  free-living  forms,  can  survive  the  digestive  processes 
of  the  alimentary  canal  and  pass  out  in  the  feces  undigested  and  even 
alive  and  uninjured,  is  something  of  which  we  have  too  little  information. 
How  long  such  larvae  could  persist  in  the  alimentary  canal,  deriving 
their  nourishment  from  the  digested  food  of  the  host,  and  their  air  supply 
from  the  ingested  atmospheric  air,  can  not  yet  be  said.  We  may  surmise, 
and  plenty  of  surmising  has  been  done,  but  the  fine  field  for  experimental 
investigation  which  the  subject  affords  is  untouched  except  for  such  few 
records  as  those  of  Alessandrini  (1909),  who  has  fed  tlie  cheese  skipper, 
Piophila  casei,  to  dogs,  and  finds  that  it  passes  through  the  digestive  tract 
alive  and  uninjured,  causing  intestinal  lesions  in  the  dog.  Even  the 
information  which  would  be  furnished  by  the  publication  of  carefully 
investigated  cases  is,  to  a  large  extent,  lacking.  Banks  (1912)  quotes 
Walsh  as  follows : 

Taking  eveiytliing  into  consideration,  we  doubt  whether,  out  of  ton  thousand 
cases  where  the  larvae  of  two-winged  flies  have  existed  in  considerable  numbers 
in  the  human  intestines,  more  than  one  single  case  has  been  recorded  in  print  for 
the  edification  of  the  world  by  competent  entomological  authority. 
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In  addition  to  our  lack  of  adequate  knowledge  of  the  possibility  of 
facultative  parasitism  on  the  part  of  various  fly  larvae,  there  is  the 
certainty  of  error  in  some  cases,  due  to  deliberate  fraud  on  the  part  of 
hysterical  patients  or  to  accidental  contamination  of  the  stool.  So  many 
things  are  sent  to  specialists  for  identification  as  parasites,  which  prove 
to  be  free-living  forms  incapable  of  parasitic  modes  of  life,  that  anything 
other  than  an  obligate  parasite  demands  a  careful  investigation.  When  a 
farmer  states  that  he  defecated  in  or  near  the  stable  and  found  worms  in 
the  stool,  and  the  worms  prove  to  be  "rat-tailed  larvae,"  it  is  much  more 
likely  that  the  larvae  were  already  in  the  manure  at  the  place  of  defeca- 
tion than  that  they  were  actually  passed.  And  even  when  such  larvae 
are  found  in  the  slop  jar  where  the  jar  has  been  rinsed  with  water  from 
an  open  spring,  the  possibility  of  the  larvae  having  been  in  the  spring 
and  having  remained  in  the  jar  after  rinsing  must  bring  the  find  under 
suspicion. 

Dr.  Albert  Hassall  of  the  Bureau  of  Animal  Industry  has  related  to 
one  of  us  (Hall)  an  instance  which  indicates  the  need  of  care  in  passing 
on  cases  of  myiasis.  He  states  that  on  one  occasion  he  saw  a  slop  jar, 
kept  in  a  privy  during  the  day  and  only  brought  in  for  use  at  night,  with 
a  larva  of  Eristalis  hanging  over  it,  just  ready  to  drop,  while  it  was  in 
the  privy.  Had  the  larva  fallen  unobserved  and  been  found  at  the 
appropriate  time,  it  would  have  been  ample  evidence  to  most  persons  that 
it  had  been  passed  into  the  jar  by  the  persons  using  it. 

Of  myiasis  in  general,  Banks  (1912)  says: 

There  is  a  considerable  number  of  flies  whose  Isrvae  either  regularly  or  occa- 
sionally live  in  substances  used  by  man  as  food.  The  great  majority  pass  throuo-h 
the  intestinal  tract  without  our  knowledge,  for  most  of  them  cause  little  or  no 
trouble.  But  sometimes  with  patients  in  hospitals  or  asylums,  or  in  private 
practice,  the  physician  discovers  these  maggots,  and  often  suspects  them  of 
causing  the  malady  or  weakness  of  his  patient. 

Many  such  specimens  have  been  sent  to  entomologists,  but  owing  to  the  fact 
that  no  one  had  studied  these  forms,  their  characters  were  little  understood,  and 
the  identifications  have  not  been  of  much  value.  Most  of  these  larvae  belong  to  a 
few  closely  related  families  of  flies  that  were  formerly  covered  by  the  name 
Muscklae.  The  arrangement  of  the  flies  has  been  the  subject  of  much  diverse 
opinion,  while  the  knowledge  of  the  larvae  is  very  fragmentary. 

When  we  consider  that  these  dipterous  larvae  occur  in  decaying  fruits  and 
vegetables  and  on  fresh  and  cooked  meats;  that  the  blow-fly,  for  example,  will 
deposit  on  meats  in  a  pantry;  that  other  maggots  occur  in  cheese,  oleomargarin, 
etc.,  and  that  pies  and  puddings  in  restaurants  are  accessible  and  suitable  to  them, 
it  can  readily  be  seen  that  a  great  number  of  these  maggots  must  be  swallowed  by 
persons  each  year,  and  mostly  without  any  serious  consequences.  Besides  these 
there  are  the  fruit-flies,  whose  larvae  live  in  apples,  cherries,  gooseberries  and 
oranges ;  and  the  pomace-flies  that  hover  around  grapes,  pears,  and  other  fruits. 

So  far  as  we  have  been  able  to  locate  it,  the  literature  relating  to  the 
subject  of  myiasis  due  to  larvae  of  the  Syrphidae,  is  as  follows : 

Odhelius  (1789)  records  a  case  from  Carlstad,  Sweden,  in  which  fly 
larvae,  determined  as  those  of  Musca  pendula,  were  claimed  by  Dr. 
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Flanck  of  that  place  to  have  been  passed  by  a  17-year-old  girl  patient. 
The  patient  had  been  in  good  health  until  three  years  previous,  and  then 
became  sickly,  complaining  of  severe  pain  in  the  stomach,  of  giddiness 
and  headache,  inflammation  of  the  throat,  and  such  great  weakness  that 
she  was  often  compelled  to  go  to  bed.  In  the  summer  of  1787  she  had 
to  have  medical  treatment.  At  that  time  mineral  waters  were  prescribed, 
jalap,  aloes  and  calomel  were  administered,  and  as  a  result  these  larvae 
were  dislodged  and  the  patient  returned  to  her  former  health  after  some 
weeks.  The  patient's  diet  previous  to  the  time  she  became  sick  consisted 
largely  of  milk,  and  included  occasionally  sour  curdled  milk  from  the 
country.  She  was  very  fond  of  cheese  rind  or  the  outer  part  of  cheese. 
Odhelius  suspects  that  the  patient  became  infested  by  ingesting  eggs  laid 
by  the  fly  either  in  the  cream  on  the  sour  milk  or  on  the  surface  of  the 
cheese. 

Joseph  (1887)  notes  this  case  and  parenthetically  notes  that  the 
larvae  were  probably  JloinoJomyia  canicularis,  but  since  Odhelius  specifies 
them  as  rat-tailed  larvae  there  seems  to  be  little  warrant  for  Joseph's 
assumption.  It  seems  probable  that  this  is  the  case  referred  to  by  Gilbert 
(1908)  as  a  record  of  Eristalis  penduliis,  by  Brumpt  (1910)  as  one  of 
Helophilus  penduUnvs,  and  by  Gedoelst  (1911)  as  one  of  Tuhifera 
pendula.  It  appears  from  Coquillet  (1910)  that  the  correct  name  is 
Helophilus  pendulus,  the  type  species  of  Helophilus  being  Musca  pendula. 
According  to  the  same  authority,  Eristalis,  type  Musca  tenax,  is  merely 
a  synonym  of  Tuhifera,  but  in  a  paper  of  this  sort  we  have  thought  it 
better  to  adhere  to  the  commoner  and  more  generally  used  name. 

Wagner  (1870)  records  a  case  of  infestation  with  E.  arhustorum. 
One  of  four  to  six  specimens  was  sent  to  him  by  Dr.  Kind  and  the  adult 
fly  was  bred  and  determined  by  him.  The  larvae  were  passed,  following 
a  dose  of  rhubarb,  by  a  woman  who  imagined  she  had  worms.  Dr.  Kind 
had  carefully  examined  the  feces  of  the  patient  every  day  since  the 
beginning  of  March,  the  larvae  being  j^assed  on  March  10,  and  had  also 
made  such  careful  examination  of  the  other  circumstances  in  the  case  as 
to  leave  no  doubt  as  to  the  origin  of  the  larvae.  The  circumstance  which 
makes  the  finding  especially  plausible  is  that  only  an  occasional  pupa,  and 
never  a  larva,  survives  the  winter.  The  previous  winter  had  been  very 
severe  and  he  surmises  that  it  would  require  some  explaining  to  clear  up 
the  question  as  to  where  this  larva  had  come  from  at  the  beginning  of 
March  if  this  was  not  a  good  case  of  myiasis.  Wagner  points  out  that 
the  conditions  in  the  digestive  tract  simulate  closely  the  ones  in  which 
the  larva  lives  in  Nature;  that  there  is  plenty  of  air,  warmth  and  food, 
and  even  such  mephitic  gases  as  those  with  which  the  larva  is  usually 
surrounded.     He  is  of  the  opinion  that  probably  the  larvae  were  located 
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in  the  stomach  after  the  habit  of  Gastrophilus,  rather  than  in  the 
intestine.  He  notes  that  he  has  not  infrequently  found  rain  water  drain- 
ing from  compost  heaps  into  inadequately  protected  springs,  and  con- 
siders it  very  probable  that  Erisialis  eggs  from  compost  heaps  and  the 
like  would  be  ingested  in  drinking  water. 

Brumpt  (1910)  has  erroneously  referred  this  case  to  Joseph  (1887). 
Joseph  merely  quotes  Wagner's  case. 

Leidy  (1874)  has  the  following  note: 

Prof.  Leidy  *  *  *  remarked  that  Dr.  Keyser,  of  this  city  [Philadelphia], 
the  evening  previously  had  brought  to  him  for  examination  a  worm,  which  was 
stated  to  have  been  removed  from  the  cavity  of  the  nose  of  a  patient.  He  recog- 
nized the  worm  as  a  rat-tailed  larva  apparently  of  the  genus  Eristalis,  and 
inquired  of  those  members  interested  in  entomolog5%  if  they  had  ever  known  this 
insect  to  be  found  as  a  parasite  in  the  human  body.  Both  Drs.  Le  Conte  and  Horn 
said  that  they  had  never  heard  of  this  genus  being  parasitic. 

Eiley  (1890)  notes  "the  sending  of  Eristalis  dimidiatus  in  the  larva 
state  by  Dr.  J.  W.  Compton,  of  Evansville,  Ind.,  who  stated  that  they 
were  passed  from  the  bowels  of  a  young  woman/'  and  "the  recent  sending 
of  larvae  of  Eristalis  tenax  by  Dr.  J.  A.  Lintner,  to  whom  they  had  been 
sent  as  having  been  found  under  similar  circumstances." 

Eiley  and  Howard  (1890)  quote  the  following  from  a  letter  from  Dr. 
Frontis,  of  Johnston,  S.  C. : 

I  send  by  mail  to-day  a  specimen  of  a  small  worm  that  infests  a  well  at  this 
place.  Ordinary  cleaning  of  the  well  does  not  get  rid  of  them,  but  they  are 
quickly  redeveloped,  so  that  one  bucket  of  water  will  frequently  contain  three  or 
four.  As  a  matter  of  course  the  water  is  not  used  for  drinking  purposes,  but  the 
proprietor  would  like  to  use  it  and  be  freed  from  these  pests. 

A  similar  case  is  noted  in  the  files  of  the  U.  S.  Bureau  of  Entomology 
of  specimens  received  from  Lime  Eock,  E.  I.,  in  December,  1894,  with  a 
report  that  there  were  millions,  apparently  all  dead,  in  a  well. 

The  "worms"  in  both  cases  were  determined  as  Eristalis,  probably 
E.  tenax.  This,  of  course,  indicates  at  once  one  source  of  human 
infestation. 

Shattock  (1908)  has  an  observation  on  the  larvae  of  Eristalis 
tenax,  three  specimens  of  which  were  sent  in  from  Totten,  Hants  (Eng- 
land), with  the  statement  that  twenty  or  thirty  had  been  passed  at  one 
time  and  some  others  singly  after  a  few  days'  interval.  "Full  doses  of 
santonin,  and  of  mercury,  and  other  intestinal  antiseptics  had  been 
given."  The  collector,  Mr.  H.  McQuade,  writes:  "There  is  not  the 
smallest  doubt  but  the  specimens  were  passed  by  the  bowel;  the  whole 
length  of  time  they  were  observed  was  about  four  weeks,  and  none  have 
been  seen  since  those  which  I  sent  were  passed."  The  patient  had 
recently  arrived  from  France,  where  she  had  eaten  a  good  deal  of  water- 
cress.   In  comment,  Shattock  says: 
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In  the  present  case  the  ova  were  most  probably  taken  by  the  patient  concealed 
in  watercress,  and  subsequently  underwent  development  into  larvae  in  the  intes- 
tinal canal.  When  it  is  remembered  that  sewers  constitute  one  of  the  habitats 
of  the  larvae  there  is  nothing  surprising  in  the  presence  of  the  latter  in  the  con- 
tents of  the  intestine.  The  oxygen  for  respiration  during  their  development  would 
be  furnished,  one  must  believe,  by  the  air  naturally  swallov/ed. 

McCampbell  and  Corper  (1909)  report  a  mixed  infection  with  Musca 
domestica,  Anthomyia  canicularis  and  Eristalis  tenax,  and  say  of  the 
last-named :  "Cases  of  myiasis  with  Eristalis  tenax  larvae  are  extremely 
rare.  Xo  cases  are  recorded  in  which  accurate  data  are  given.  It  is  the 
rarest  of  the  three  species  considered  in  this  report."  Their  critical 
study  of  their  case  is  not  convincing  and  such  hypothetical  explanations 
of  the  abundance  of  larvae  as  due  to  the  reproduction  of  the  larvae  within 
the  intestine,  or  the  development  of  the  adult  fly  and  subsequent  oviposi- 
tion  in  the  intestine,  are  quite  at  variance  with  known  facts.  They  state 
that  cathartics  and  aperients  have  failed  to  eliminate  the  larvae.  In  this 
connection  it  may  be  noted  that  in  our  case  an  anthelmintic  seems  to 
have  been  satisfactory. 

From  the  general  statements  of  Brumpt  (1910)  and  Gedoelst  (1911) 
one  would  infer  that  the  larvae  of  Eristalis  dimidiatus  and  of  Helophilus 
pendulus  have  been  observed  in  several  cases,  but  we  are  unable  to  locate 
any  published  records  other  than  those  given  here. 

Gilbert  (1908)  says  of  the  Syrphidae: 

But  few  cases  are  recorded  of  infection  by  larvae  of  this  family  and  these  all 
by  larvae  of  the  genus  Eristalis,  which  are  found  in  decaying  vegetables  and 
fruits,  and  in  decaying  organic  matter  of  all  kinds,  or  in  water  saturated  with 
organic  remains.  The  following  species  are  reported  to  have  been  passed  from 
the  bowels,  but  no  definite  history  of  the  manner  of  infection  or  of  the  duration 
of  their  parasitic  existence  is  given:  Eristalis  dimidiatus,  Eristalis  tenax,  Eristalis 
ariustorum,  Eristalis  pendulus. 

Banks  (1912)  says: 

There  are  other  flies  whose  larvae  are  sometimes  reported  as  swallowed  by 
persons,  particularly  the  rat-tailed  larvae  of  Eristalis,  which  sometimes  gets  into 
drinking  water. 

In  the  Bureau  of  Animal  Industry  collection  of  parasites  there  is  a 
specimen  of  Eristalis  larva  collected  in  Portland,  Me.,  in  1899,  and  said 
to  have  been  passed  by  man.  There  is  no  further  information  in  regard 
to  the  case.  There  are  also  eight  Eristalis  larvae  sent  in  from  Laurel, 
Md.,  in  1909,  with  the  statement  that  they  were  passed  in  a  jelly-like 
stbstance  from  the  vagina  of  cattle.  In  correspondence  relative  to  these 
specimens.  Dr.  B.  H.  Eansom  suggests  to  the  sender : 

Probably  a  diseased  condition  of  the  organ  in  which  you  found  these  larvae 
created  an  odor  which  attracted  the  flies  to  this  particular  place  with  the  result 
that  they  have  deposited  their  young  in  the  unusual  location. 
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Through  the  courtesy  of  Dr.  L.  0.  Howard  and  Mr,  E.  S.  Clifton,  of 
the  U.  S.  Bureau  of  Entomology,  we  note  the  following  records  from  the 
files  of  the  bureau : 

A  larval  specimen  of  Eristalis  sp.  was  received  from  a  physician  in  Adell, 
Wis.,  in  September,  1910,  with  the  report  that  it  was  passed  by  a  patient. 

A  similar  specimen  was  sent  in  from  Syracuse,  N.  Y.,  in  October,  1906,  with 
a  statement  tliat  it  was  supposed  to  have  been  vomited  by  a  woman  suffering 
from  vomiting  of  pregnancy. 

A  larva  of  Eristalis  sp.  or  Helophilus  sp.  was  sent  in  from  Bessemer,  Ala.,  in 
October,  1905,  with  a  statement  that  twenty-four  of  them  had  been  passed  by  a 
colored  child  19  months  old  after  severe  intestinal  irritation. 

Another  larva  of  Eristalis  sp.  or  Helophilus  sp.  was  sent  in  from  Pittsburgh 
in  October,  1905,  with  the  report  that  it  was  taken  alive  from  the  stool  of  a  man 
who  had  just  returned  from  a  hunting  trip  and  who  had  drunk  stagnant  water 
on  the  trip. 

It  appears  to  be  customary  to  refer  most  cases  of  rat-tailed  larvae  to 
Eristalis  tenax.  An  examination  of  the  available  entomological  literature 
does  not  furnish  us  with  an  adequate  description  of  the  larvae  of  tlu' 
various  species  of  Eristalis,  and  in  fact  indicates  that  these,  like  many 
other  of  the  Diptera  larvae,  are  not  well  knovni.  The  very  useful  paper 
on  diptera  larvae  by  Banks  (1918)  unfortunately  does  not  deal  with  the 
Syrphidae.  The  fact  that  E.  tenax  is  very  common  and  widely  distrib- 
uted is  possibly  the  warrant  for  many  of  these  identifications.  For  our- 
selves we  are  unable  to  identify  our  specimen  closer  than  to  say  that  it  is 
a  larva  of  Eristalis,  and  possibly  of  E.  tenax  for  the  reason  given — that 
this  is  a  common  species. 

The  mother  of  the  boy  from  whom  our  specimen  was  obtained  states 
that  a  second  larva  was  passed  the  morning  after  the  first,  but  that  it  was 
dead,  and  as  it  was  injured  in  getting  it  from  the  feces  it  was  thrown 
away.  Two  days  later  a  third  specimen  was  passed  and  was  kept.  This 
was  later  turned  over  to  us  and  proved  to  be  a  curd  of  some  sort,  a 
spurious  parasite  superficially  resembling  the  first.  It  is  possible  that 
the  second  specimen,  which  was  thrown  away,  was  something  similar. 

Since  the  passage  of  the  first  larva  the  child  has  improved  in  health 
considerably  and  his  appearance  is  now  that  of  the  normal  healthy  child. 
The  nervous  symptoms  have  disappeared  and  the  persistent  vomiting  has 
ceased.  Food  is  retained  and  digested,  and  the  breath  is  no  longer 
unpleasant. 

The  boy  has  lived  in  Colorado  Springs  for  four  years,  so  that  the 
infestation,  if  genuine,  must  be  referred  to  this  place.  He  had  been 
ailing  for  several  weeks,  becoming  worse  July  28,  1913.  The  previous 
evening  he  had  eaten  some  peaches  which  his  mother  says  were  over-ripe. 
The  day  following  the  eating  of  the  peaches  the  boy  did  not  feel  well  and 
asked  to  be  taken  for  a  car  ride  to  Stratton  Park,  an  outlying  city  park. 
On  the  way  out  he  vomited  repeatedly,  and  as  the  vomiting  continued 
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after  they  arrived  at  the  park,  they  returned  home.  From  that  time  the 
vomiting  persisted,  accompanied  by  an  obstinate  constipation  and  loss 
of  weight,  until  the  passage  of  the  larva. 

Not  far  from  the  house,  perhaps  150  yards  away,  is  an  irrigation  ditch 
which  has  running  water  in  it  part  of  the  time  and  standing  pools  of 
water  when  the  headgate  is  shut.  Quite  a  little  trash  and  refuse,  includ- 
ing kitchen  refuse,  rotten  vegetables,  and  even  dead  animals,  are  dumped 
in  this  ditch  by  careless  persons.  The  boy  and  his  companions  play  in 
this  ditch  and  the  boy  says  he  has  drunk  of  the  water  in  the  ditch.  He 
also  plays  around  a  neighbor's  stable  and  during  the  very  rainy  July  of 
this  year  the  stable  manure  would  have  afforded  an  excellent  place  for 
the  breeding  of  rat-tailed  larvae. 

There  are,  then,  three  apparent  chances  for  infection — the  stable,  the 
ditch  and  the  over-ripe  peaches.  The  onset  of  the  vomiting  following 
the  eating  of  the  peaches  points  to  them  as  a  possible  source.  "Overripe" 
is,  of  course,  merely  another  word  for  decaying,  and  these  larvae  live  in 
decaying  vegetable  matter  among  other  things.  The  fact  that  the  boy 
had  been  ailing  before  eating  the  peaches,  suggests  that  the  infestation 
antedates  the  eating  of  the  peaches.  The  ditch  is  another  likely  source 
of  infestation,  as  a  larva  breeding  in  the  soft  mud  of  the  pools  may  have 
been  ingested  by  the  boy  in  water  from  the  pools  or  in  the  muddy  ditch 
water  as  the  larva  was  swept  along  by  the  current.  There  is  no  obvious 
way  in  which  the  boy  would  get  the  larva  from  the  stable  except  by 
eating  it.  While  we  do  not  think  this  likely,  it  is  a  possibility  that  must 
be  kept  in  mind.  Cases  of  children  who  have  deliberately  eaten  insects 
and  their  larvae  are  by  no  means  unknown. 

As  intimated  earlier  in  this  paper,  there  are  three  possibilities  as  to 
the  truth  or  falsity  of  this  case  as  one  of  myiasis.  Either  there  was 
deliberate  fraud  on  the  part  of  the  child  or  its  parents,  or  the  stool  was 
contaminated,  or  the  case  is  a  genuine  example  of  gastric  or  intestinal 
myiasis. 

All  the  evidence  is  against  the  idea  of  fraud.  The  parents  appear  to 
be  rational,  sensible  and  respectable  people.  They  are  hard-working 
persons  with  no  evidence  of  hysterical  tendencies  or  nervous  disorders. 
They  had  looked  on  the  specimen  as  an  intestinal  worm  and  were  inclined 
to  be  incredulous  when  told  that  it  was  a  larva  or  maggot;  they  had 
never  seen  maggots  with  "tails"  before  and  volunteered  that  they  would 
look  for  them  after  this.  Tliey  further  exhibited  an  astonishment  that 
was  not  simulated  when  told  that  other  cases  of  the  sort  had  been 
reported,  so  they  were  not  imitating  other  cases.  No  attempt  was  made 
to  advertise  the  find  or  to  excite  surprise  or  sympathy  with  it.  They 
had  looked  on  it  as  a  banal  case  of  "worms."  We  consider  it  out  of  the 
question  that  either  of  them  should  have  deliberately  put  the  larva  in 


MAURICE     C.     HALL— ^  AMES     T.     MVIR  201 

the  slop  jar.  The  preservation  of  the  third  specimen,  a  spurious  parasite, 
argues  against  the  idea.  At  the  time  the  boy  defecated,  the  entire  family 
was  undressed  ready  for  bed,  a  thing  which  eliminates  the  idea  of  the 
boy's  deliberately  contributing  the  specimen  at  that  time.  There  is  no 
reason  to  suspect  the  boy  of  such  a  thing,  and  no  likelihood  that  a 
5-year-old  child  could  successfully,  or  would,  carry  around  a  large, 
violently  wriggling  larva  for  the  purpose  of  fooling  anyone  in  this  way. 
It  is  extremely  unlikely  that  he  would  do  so  during  the  afternoon  and 
out  of  the  question  that  he  could  do  so  when  undressed  and  ready  for  bed. 

The  possibility  of  contamination  of  the  stool,  so  far  as  we  can  see,  is 
entirely  a  question  of  whether  the  larva  was  bred  in  or  washed  into  the 
Colorado  Springs  water  system,  passed  its  screens,  survived  the  pressure, 
entered  the  slop  jar  when  it  was  washed  and  rinsed  out  in  the  morning, 
remained  there  all  day,  alive  and  unnoticed,  after  the  jar  dried,  as  it 
very  quickly  would  in  the  dry  air  of  Colorado  Springs — the  actual  atmos- 
pheric humidity  being  low  even  on  rainy  days — and  was  then  found  after 
defecation.  This  seems  very  unlikely  and  even,  in  our  opinion,  out  of 
the  question.  The  water  supply  of  Colorado  Springs  comes  from  deep 
alpine  lakes,  down  a  mountain  stream,  then  through  pipes  to  deep 
reservoirs  on  a  high  mesa,  and  then  through  pipes  to  the  city.  None  of 
these  would  serve  as  breeding  places  for  these  larvae,  and  larvae  which 
might  wash  into  any  of  them — an  unlikely  thing  of  itself — would  be 
drowned  long  before  reaching  the  patient's  residence.  Moreover,  to 
suppose  that  such  an  extremely  rare  thing  as  a  rat-tailed  larva  in  the 
city  water  system  could  perform  the  practically  impossible  feat  of  coming 
through  that  system  alive  and  would  show  up  at  precisely  the  right  time 
following  the  taking  of  a  vermifuge  at  a  particular  residence,  is  to  strain 
even  the  very  common  credulity  which  people  manifest  in  regard  to 
coincidences  as  explanations  of  unusual  things. 

Wliile  we  have  no  such  conclusive  evidence  as  would  be  aiforded  by  a 
case  where  the  slop  jar  had  actually  been  examined  by  a  competent  and 
skeptical  person  just  before  defecation,  nevertheless,  it  seems  more  reason- 
able to  regard  this  case  as  one  of  gastric  or  intestinal  myiasis  than  as  one 
of  fraud  or  contamination.  The  child  had  three  good  possible  sources 
of  infection  and,  by  his  own  admission,  habits  that  could  easily  lead  to 
infection.  Carelessness  in  eating  and  drinking  is  more  or  less  character- 
istic of  children.  Flies  of  the  family  Syrphidae  are  abundant  around  the 
streets  of  Colorado  Springs,  and  the  following  adult  flies  were  collected 
there  or  nearby  by  Hall  and  Mr.  Horace  Eagle,  of  Colorado  Springs, 
during  the  summer  of  1913  and  determined  by  Mr.  Frederick  Knab,  of 
the  U.  S,  National  Museum :  Eristalis  tenax,  E.  hirtus,  Syrphus  sp.,  and 
Eupeodes  volucris.  The  relief  after  the  passage  of  the  larva  is  additional 
evidence  and  there  is  no  possibility  that  the  child  was  malingering.   Five- 
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3'ear-old  children  could  not  and  would  not  ''fake"  vomiting,  restlessness 
in  sleep,  and  loss  of  weight,  or  recover  from  these  by  suggestion,  especially 
as  the  suggestion  has  not  been  emphasized  by  anyone. 

We  consider  this  as  probably  gastric  rather  than  intestinal  myiasis 
on  account  of  the  persistent  and  prompt  vomiting  after  taking  food,  and 
regard  this  as  due  to  irritation  from  the  spiny-footed  larva  and  its  move- 
ments. It  is  likely  that  a  large,  active  larva  would  succeed  in  evading  the 
pylorus.  Such  related  dipterous  larvae  as  Gastrophilus  live  in  the 
stomach  as  obligate  parasites  and  carry  on  stigmatic  breathing  success- 
fully. Most  cases  of  myiasis  are  reported  as  intestinal  rather  than  gastric 
when  larvae  are  found  in  the  feces,  but  this  seems  to  be  as  much  a  matter 
of  habit  as  of  investigation  and  careful  decision.  PolUnia  rudis  is  listed 
by  Gedoelst  (1911)  as  found  in  gastric  myiasis.  A  larva  supplied  with 
the  stigmatic  apparatus  of  Eristalis  would  apparently  be  fitted  for  life 
in  a  stomach  with  a  small  amount  of  food  and  plenty  of  the  atmospheric 
air  which  is  swallowed  in  eating  and  drinking  and  at  other  times.  Such 
a  condition  would  simulate  the  normal  life  conditions  fairly  closely. 
That  the  stomach  would  not  fill  to  the  point  where  it  would  drown  the 
larva  miglit  be  insured  by  the  vomiting,  perhaps  automatically,  the 
activity  of  the  larva  increasing  as  the  stomach  filled  to  where  it  threatened 
to  cover  the  rising  stigmatic  tubes,  and  so  setting  up  an  irritation  leading 
to  vomiting.  The  mother  states  that  the  child's  stomach  was  extremely 
intolerant  of  milk  and  that  drinking  milk  was  promptly  followed  by 
vomiting.  This  suggests  that  milk,  usually  taken  in  long  drinks  and 
considerable  quantities,  quickly  threatened  the  larva  with  drowning  and 
set  up  such  activitj''  as  promptly  to  cause  vomiting. 

In  conclusion,  it  will  be  noted  that  the  evidence  in  favor  of  this  case 
as  being  an  actual  case  of  myiasis,  while  not  conclusive,  is  nevertheless 
more  nearly  conclusive  than  that  of  any  case  involving  the  larvae  of  the 
Syrphidae  which  we  have  found  recorded.  A  summary  of  the  seven 
published  cases  known  to  us  is  as  follows :  Odhelius's  case  of  Helophilus 
pendulus;  Wagner's  case  of  Eristalis  arhustorum;  Leidy's  case  of 
Eristalis  sp.  [nasal]  ;  Eiley's  case  of  Eristalis  dimidiatus  and  case  of 
E.  tenax;  Shattock's  case  of  E.  tcnax;  and  McCampbell  and  Corper's 
case  of  E.  tcnax.  To  this  should  be  added  the  case  recorded  in  this  paper, 
the  four  cases  from  man  recorded  in  the  files  of  the  Bureau  of 
Entomology,  and  the  one  case  from  man  and  one  from  the  cow  [vaginal] 
recorded  in  the  files  of  the  Bureau  of  Animal  Industry. 
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TBE  INTEKFEETATION  OF  THE  NORMAL  ELECTROCARDI- 

OGRAM.  A  CRITICAL  AND  EXPERIMENTAL 

STUDY  * 

J.  A.  E.  EYSTER,  M.D.,  and  W.  J.  MEEK,  Ph.D. 

MADISOX,   WIS. 
INTRODUCTION 

Waller/  in  1888,  was  the  first  to  demonstrate  that  the  action  currents 
arising  from  the  heart  muscle  during  its  contraction  were  conducted  out 
to  the  peripheral  tissues  in  sufficient  strength  to  be  detected  by  leading 
off  from  the  limbs  to  an  electrometer.  It  was  not,  however,  until  the 
improvement  and  adaptation  to  physiological  work  of  the  thread  galvan- 
ometer by  Einthoven,'  in  1903,  that  any  considerable  interest  in  this 
matter  was  aroused.  In  the  nine  years  since  Einthoven's  first  publication, 
a  very  large  and  rapidly  increasing  literature  on  the  subject  of  the 
electrocardiogram  has  appeared,  and  great  interest  has  developed  as  a 
result  of  its  evident  clinical  and  physiological  importance.  Notwith- 
standing the  great  amount  of  work  that  has  been  done,  the  various 
workers  in  this  field  are  by  no  means  agreed  as  to  the  interpretation  of 
the  normal  electrocardiogram,  and  as  a  result,  the  interpretation  of  those 
departures  from  the  normal  that  occur  in  cardiac  disease,  as  well  as  the 
significance  of  the  normal  electrocardiographic  curve  in  reference  to  the 
normal  course  of  the  cardiac  impulse  over  the  heart,  has  been  largely 
influenced  by  the  point  of  view  held  by  the  individual  investigator. 

Up  to  the  present  time  the  usefulness  of  the  electrocardiogram  from 
the  clinical  standpoint  has  been  principally  evident  in  the  analysis  of  two 
classes  of  abnormal  cardiac  conditions;  first,  the  heart  arhythmias, 
including  under  this  the  disturbances  arising  from  depressed  conductivity 
as  well  as  those  arising  from  ectopic  impulse  formation ;  and  second,  the 
condition  and  activity  of  the  auricles  (auricular  hypertrophy,  auricular 
fibrillation,  etc.).  In  these  two  classes  of  conditions  the  electrocardi- 
ogram has  only  certain  technical  advantages  over  the  venous  and  esopha- 
geal pulse  tracings. 

In  a  third  group  of  cases  however,  of  great  importance  clinically  and 
to  which  in  its  present  development  at  least  the  venous  pulse  is  not 
applicable  as  a  means  of  study,  namely,  the  functional  activity  of  the 
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ventricles,  the  electrocardiogram  has  yielded  results  which  are  to  a  con- 
siderable degree  interpreted  differently  by  different  investigators.  This 
is  mainly  due,  it  would  seem,  to  the  marked  differences  in  interpretation 
of  that  portion  of  the  normal  electrocardiogram  which  represents  ven- 
tricular activity  (the  Q,  E,  S  and  T  waves  of  Einthoven).  It  is  the  pur- 
pose of  the  present  paper  to  present  certain  facts  from  the  literature  and 
certain  experimental  observations  of  our  own,  which,  while  bearing  on  the 
interpretation  of  the  electrocardiogram  as  a  whole,  have  particular  refer- 
ence to  the  ventricular  portion. 

HISTOKICAL   EEVIEW 

An  attempt  at  a  complete  review  of  the  development  of  the  electro- 
cardiogram and  the  immense  amount  of  clinical  and  experimental  work 
of  this  subject  would  be  beyond  the  scope  of  this  paper.  Eeference  will 
be  made  only  to  articles  which  bear  directly  or  indirectly  on  the  inter- 
pretation of  its  features  as  applied  to  the  course  of  the  cardiac  impulse 
and  the  contraction  of  the  difEerent  parts  of  the  heart.  An  extensive 
review  of  the  literature  up  to  1910  is  given  in  the  monograph  of  Kraus 
and  Nicolai.^ 

The  normal  electrocardiogram,  as  described  by  Einthoven,*  shows 
always  at  least  three  waves,  all  usually  in  the  same  direction.  If  the  leads 
to  the  galvanometer  are  so  arranged  that  a  movement  upward  of  the 
thread  on  the  record  occurs  with  relative  negativity  of  the  electrode  in 
contact  with  that  portion  of  the  body  more  directly  connected  with  the 
base  of  the  heart,  all  of  these  three  waves  are  in  the  upward  direction. 
The  three  waves,  according  to  the  nomenclature  of  Einthoven,  are  desig- 
nated P,  E  and  T.  With  certain  leads,  T  may  be  directed  downward,  and 
this  wave  may  change  its  direction  independently  of  the  other  waves  in 
apparently  normal  beating  hearts.  Aside  from  these  waves,  two  downward- 
directed  waves  may  occur.  The  first  of  these  (the  Q  wave  of  Einthoven) 
immediately  precedes  the  E.  It  is  quite  infrequent  and  is  regarded  by 
Kraus  and  Nicolai"  as  abnormal.  The  second  downward  wave  (the  S 
wave  of  Einthoven)  follows  at  once  on  the  E.  It  is  present  in  the  elec- 
trocardiograms from  adults  in  about  one-third  of  all  cases.  In  electro- 
cardiograms from  children  it  is  always  present  and  its  frequency  and  size 
decrease  with  age  (Kraus  and  Nicolai^).  Finally,  there  are  two  parts  of 
the  curve  which  are  described  as  having  a  horizontal  course  indicating 
equal  potential  of  base  and  apex  of  the  heart,  one  between  the  P  and  Q 
(or  E)  waves,  the  other  between  the  E  (or  S)  and  T  waves. 


3.  Kraus  and  Nieolai:     Das  Elektrokardiogram  des  Gresunden  und  Kranken 
Menschen,  Leipzig,  1910. 

4.  Einthoven:     Arch,    internat.   de   physiol.,    1906,   iv,   132;    Arch.   f.   d.   ges. 
Physiol.,  1908,  cxxii,  517. 

5.  Kraus  and  Nieolai:    Berl.  klin.  Wchnschr.,  1907,  Ixiv,  765  and  811. 
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In  his  first  publication.  Einthoven  ascribed  the  P  and  Q  waves  to  the 
contraction  of  the  auricles,  the  E,  S  and  T  waves  to  ventricular  systole. 
Later  work  by  Einthoven  and  others  has  shown  that  only  the  P  wave  of 
the  normal  electrocardiogram  can  be  ascribed  to  the  auricle.  The  P  wave 
is  the  only  wave  present  when  the  auricle  alone  contracts  (Einthoven, 
Kraus  and  Nicolai).  It  is  enlarged  in  auricular  hypertrophy  and  absent 
in  the  absence  of  auricular  contraction.  The  work  of  Samojloif^  and  of 
Kraus  and  Xicolai'  tend  to  show  that  the  P  wave  of  the  electrocardiogram 
is  the  first  part  of  a  diphasic  variation  which  is  evident  in  its  entirety 
when  the  leads  to  the  galvanometer  are  from  the  exposed  auricle  and  not 
from  the  surface  of  the  body. 

In  the  interpretation  of  the  group  of  waves  which  precede  or  accom- 
pany the  first  part  of  A^entricular  systole  (Q,  E  and  S),  the  views  which 
have  had  widest  acceptance  are  those  of  Einthoven  and  of  Kraus  and 
Xicolai.  According  to  Einthoven,-*  the  horizontal  portion  of  the  electro- 
cardiogram following  the  auricular  wave  (P)  and  lying  between  this 
wave  and  the  first  ventricular  wave,  represents  the  time  necessary  for  the 
impulse  to  pass  through  the  His  bundle  and  its  various  ramifications, 
where  physiological  connection  is  made  with  the  ventricular  musculature. 
During  this  time  the  galvanometer  shows  no  movement,  because  both 
auricles  and  ventricles  are  at  rest  and  the  contraction  wave  through  the 
connecting  bundle  is  so  weak  as  to  cause  practically  no  difference  in 
potential.  Einthoven  evidently  regards  the  passage  of  the  impulse 
tlirough  the  bundle  to  be  associated  with  a  weak  contraction."  The  next 
movement  of  the  galvanometer  thread  does  not  occur,  therefore,  until 
the  impulse  has  reached  the  ventricular  musculature.  The  extensive 
branchings  and  connections  of  the  auriculo-ventricular  bundle,  as  shown 
by  the  work  of  Tawara,'*  ensure  that  the  excitation  passing  downward 
from  the  auricles  reaches  the  ventricle,  not  merely  at  the  base  or  apex, 
but  over  a  large  surface  of  ventricular  musculature.  With  the  passage  of 
the  excitation  into  the  ventricle  the  complex  Q  E  S  occurs.  If  the 
impulse  first  reaches  the  portions  of  the  ventricles  lying  toward  the  apex, 
the  apex  of  the  heart  shows  relative  negativity  to  the  base,  and  the  down- 
ward directed  Q  wave  occurs.  If  other  portions  of  the  ventricles  lying 
nearer  the  base  (particularly  the  right  ventricular  base)  first  receive  the 


6.  Samojloff:  Beitr.  z.  Physiol,  u.  Patliol.,  Festschr.  f.  Hermann,  1908,  p.  171; 
Samml.  anat.  u.  physiol.  Vortr.  u.  Aufsiitze.  Hrgb.  von  Gaupp  und  Nagel,  1909, 
1-5. 

7.  "Wahrend  dieser  Zeit  schreibt  das  Saiteiilnld  des  galvanometers  eine 
horizontale  Linie.  Vorkammern  und  Kammern  bonnden  sich  in  Ruhe,  und  die 
durch  das  Verbindungsbiindel  fortschreitenrle  Kontraktionswelle  ist  an  und  fiir 
sich  zu  schwach  um  bei  der  fiir  die  Piegistricrung  eines  zweckmassigen  Elektro- 
kardiograms  erforderlichen  starken  Spannung  einen  merkbaren  Ausschlag  des 
Galvanometers   zu  erzielen." 

8.  Tawara:  Das  Reizleitungssystem  des  Saugetierh3rzen8,  Jena,  1906. 
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impulse,  the  Q  wave  is  absent.  The  E  wave  represents  the  spread  of  the 
excitation  to  and  the  contraction  of  the  right  ventricle  and  more  basal 
lying  regions.  When  S  is  present,  it  is  an  expression  of  the  fact  that  the 
left  ventricle  and  more  apical  regions  of  the  heart  soon  show  a  pre- 
dominant activity  over  the  base  and  the  apex  thus  becomes  relatively 
electronegative  to  the  base. 

The  second  point  of  view,  developed  by  Kraus  and  Nicolai,^  rests  on 
the  well-known  division  of  the  ventricular  musculature  into  the  papillary 
system,  the  circular  musculature  (Treibwerk)  and  the  outer  spiral  fibers 
(Nicolai^),  the  first  two  being  in  connection  by  the  so-called  intramural 
fibers.  Following  tJie  contraction  of  the  auricles  the  impulse  passes  over 
the  His  bundle  and  those  structures  functionally  connected  with  it.  The 
slow  conduction  in  the  bundle  explains  the  long  interval  between  the  P 
and  E  (or  S)  waves,  and  no  action  current  of  any  importance  occurs  at 
this  tim.e  because  of  the  small  size  of  the  muscular  mass.  After  this 
interval  the  basal  portions  of  the  papillary  system  normally  first  receive 
the  excitation  and  as  an  expression  of  this  the  curve  rises  sharply  to  form 
the  E  wave.  The  excitation  now  spreads  toward  the  apex  and  the  E  wave 
ends.  This  spread  of  the  excitation  is  largely  in  a  linear  direction  and 
explains  the  large  size  of  the  E  wave. 

The  potential  clitferences  arising  under  these  circumstances  are  all  in 
the  same  direction  and  are  cumulative,  while  when  many  muscle  masses 
passing  in  different  directions  are  the  seat  of  an  excitation,  the  potential 
differences  may  to  a  considerable  extent  or  entirely  neutralize  one  another. 
The  Q  wave,  when  present,  is  an  expression  of  the  fact  that  the  excitation 
passes  in  the  Purkinje  conducting  system  quite  far  toward  the  apex 
before  it  reaches  the  papillary  muscles  proper.  This  causes  relative  apical 
negativity  for  a  short  period.  The  papillary  system  includes  the  papillary 
muscles  proper  and  the  internal  longitudinal  fibers  of  the  ventricles. 
Through  the  auriculo-ventricular  conducting  system  and  its  ramifications 
the  impulse  is  distributed  to  all  parts  of  the  papillary  system.  Normally, 
the  excitation  reaches  first  that  part  of  the  papillary  system  lying  toward 
the  base  and  the  true  papillary  muscles.  The  base  of  the  ventricle  thus 
shows  relative  negativity,  and  the  E  wave  results  without  a  preceding  Q 
wave.  The  work  of  Bering'^"  tends  to  show  that  the  true  papillary 
muscles  are  the  first  part  of  the  ventricle  to  enter  into  contraction.  Since 
these  arise  toward  the  apex  of  the  ventricle,  they  do  not  form  a  part  of 
the  basal  portion  of  the  papillary  system  and  this  would  seem  to  bo 
opposed  to  the  view  of  Kraus  and  JSTicolai.    Eehfish^^  notes,  however,  that 


9.  Nicolai:  Verhandl.  d.  physiol.  Gesellsch.  zu.  Berlin,  Nov.  22,  1907;  Zen- 
tralbl.  f.  Physiol.,  1907,  xxi,  678;  Handbuch  der  Physiologie  des  Menschen,  Hrgb. 
von  Nasrel,  1909,  i,  805. 

10.  Hering:   Arch.  f.  d.  ges.  Physiol.,  1909,  cxxvi,  225. 

11.  Rehfish:  Deutsch.  med.  Wchnschr.,  1910,  xxxvi,  977  and  1035. 
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the  basal  portion  of  the  papillary  system  is  more  or  less  firmly  fixed  by 
attachments  to  the  aortic  cartilage  and  the  auriculoventricular  ring,  and 
while  this  part  probably  receives  the  first  branches  from  the  His  bundle 
and  normally  is  the  first  part  of  the  ventricle  to  receive  the  excitation, 
the  first  part  to  show  movement  of  sufficient  degree  to  be  graphically 
recorded  may  well  be  the  true  papillary  muscles.  The  basal  portions  of 
the  papillary  S3'ste]n  may  thus  enter  first  into  excitation,  but  due  to  the 
anatomical  arrangement,  show  no  visible  contraction.  Kraus  and  Nicolai 
thus  conceive  of  the  excitation  as  spreading  out  through  the  His  bundle 
and  its  ramifications  to  various  parts  of  the  internal  longitudinal  fibers 
and  papillary  muscles  of  the  ventricles.  Normally,  it  affects  the  basal 
portions  first,  and  hence  the  first  ventricular  wave  (E)  is  directed 
upward.  When  the  excitation  reaches  the  parts  of  the  papillary  system 
lying  more  toward  the  apex  of  the  ventricles,  the  true  papillary  muscles 
receive  the  impulse  at  their  base  and  it  spreads  from  base  to  apex  of 
these  muscles,  a  course  opposite  in  direction  to  that  from  base  to  apex  of 
the  ventricle  as  a  whole.  This  causes  a  downward-directed  wave  (Q), 
a  wave  stated  by  Kraus  and  Nicolai  to  be  absent  from  the  strictly  normal 
electrocardiogram.  In  such  an  event,  however,  the  activity  of  the  base 
soon  becomes  predominant  and  the  R  wave  occurs.  The  E  wave  is  com- 
pleted when  the  excitation  spreads  out  from  the  papillary  system  through 
the  intramural  fibers  to  the  circular  fibers  (Treibwerk)  of  the  ventricles. 
If  the  excitation  in  its  spread  from  the  base  reaches  the  apical  parts  of 
the  papillary  system  before  this  occurs,  as  is  usually  the  case,  a  short 
period  develops  in  which  there  is  relative  negativity  at  the  apex.  This  is 
expressed  as  the  S  wave.  If,  on  the  other  hand,  the  spread  through  the 
intramural  fibers  occurs  before  or  simultaneously  with  the  excitation 
reaching  the  apical  parts  of  the  papillary  system,  the  S  wave  is  absent. 
It  will  be  seen  that  considered  broadly,  the  views  of  Einthoven  and  of 
Nicolai  in  reference  to  tlie  cause  of  the  Q,  E  and  S  waves  of  the  electro- 
cardiogram agree  quite  closely.  No  distinction  is  made  in  either  between 
the  spread  of  excitation  and  contraction  of  the  muscle,  and  it  would  seem 
that  it  is  really  contraction  of  the  different  regions  which  causes  the 
development  of  the  electrocardiogram.  Einthoven  even  suggested,  as  we 
have  seen,  that  the  spread  of  the  impulse  through  the  auriculoventricular 
bundle  is  associated  with  a  weak  contraction.  According  to  both  views, 
this  passage  through  the  bundle  and  conductive  system  of  the  heart  pro- 
duces no  wave  in  the  electrocardiogram.  It  is  only  when  the  larger 
muscle  masses  of  the  ventricle  are  affected  that  any  noticeable  differences 
in  potential  arise.  The  two  views  differ  mainly  as  to  exactly  what  mus- 
cular masses  of  the  ventricles  in  their  activity  produce  these  differences 
in  potential,  Einthoven  lays  stress  particularly  on  the  right  ventricular 
base  in  the  production  of  the  R  wave,  while  Nicolai  goes  into  more  detail 
in  reference  to  the  different  layers  of  muscle  of  the  ventricles. 
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Passing  now  to  the  remaining  portions  of  the  electrocardiogram,  the 
horizontal  part  lying  between  the  E  (or  S)  wave,  and  the  T  wave,  and 
the  T  wave  itself,  both  Einthoven  and  Nicolai  explain  the  former  on  a 
general  and  simultaneous  contraction  of  the  musculature  of  both  ventri- 
cles, the  action  currents  arising  therefrom  neutralizing  one  another  so 
that  no  difference  in  potential  between  base  and  apex  is  present.  Nicolai 
lays  particular  stress  on  the  contraction  of  the  circular  fibers  (Treih- 
werJc).  The  development  of  the  T  wave  is  explained  by  Einthoven  by 
the  right  ventricle  (particularly  the  basal  part)  remaining  in  contraction 
longer  than  the  ]-emainder  of  the  heart,  causing  the  development  of  a  late 
negativity  of  the  base.  This  view  is  founded  on  the  experimental  work 
of  Bayliss  and  Starling,^^  concerning  the  course  of  the  excitation  over  the 
mammalian  ventricle.  These  investigators  concluded  that  in  the  exposed 
dog's  heart  the  impulse  passed  from  base  to  apex,  and  the  indication  of 
terminal  basal  negativity  in  the  electrocardiogram  (recorded  by  the  capil- 
lary electrometer  from  the  exposed  heart)  was  to  be  explained  by  the  base 
remaining  in  negativity  after  the  negativity  had  subsided  at  the  apex  and 
not  to  a  return  of  the  excitation  to  the  base.  If  under  abnormal  con- 
ditions the  contraction  ceases  in  each  ventricle  simultaneously,  as  Ein- 
thoven supposes  to  occur  in  myocardial  insufficiency,  the  T  wave  is 
entirely  absent.  Kraus  and  Nicolai,  on  the  other  hand,  explain  the  T 
wave  as  due  to  a  lata  return  of  negativity  to  the  base  of  the  heart,  a 
region  of  the  base  lying  especially  around  the  aorta  and  pulmonary  artery 
being  the  last  portion  of  the  ventricles  to  enter  into  contraction.  This 
view  of  the  course  of  the  impulse  was  first  suggested  by  Gotch^^  in  1907, 
and  elaborated  in  more  detail  in  1909.  Gotch  conceives  the  contraction 
of  the  ventricle  as  beginning  around  the  venous  orifices,  at  the  base  of 
the  ventricle,  and  spreading  to  the  apex  and  thence  to  the  arterial  bases 
of  the  ventricles,  following  in  its  course  the  direction  of  the  primitive 
cardiac  tube.  This  work  will  be  considered  more  fully  in  a  detailed 
discussion  as  to  the  course  of  the  T  wave  later  in  this  paper. 

Of  other  views  that  have  been  advanced  to  explain  the  normal  electro- 
cardiogram, we  may  next  consider  the  interpretation  of  Eppinger  and 
Eothberger.^*  As  we  have  seen,  both  Einthoven  and  Nicolai  explain  the 
electrocardiographic  curve  as  a  resultant  of  the  play  of  antagonistic  forces 
of  electric  potential  between  base  and  apex.  Eppinger  and  Eothberger 
object  to  Einthoven's  assumption  that  the  relatively  weak  right  ventricle 
can  be  regarded  as  representing,  so  far  as  the  electrocardiogram  is  con- 
cerned, the  cardiac  base,  and  playing  the  predominant  role  in  the  pro- 
duction of  the  normal  curve,  while  the  left  ventricle  with  its  massive 


12.  Bayliss   and   Starling:    Internat.   Monatsschr.   f.   Anat.   u.   Physiol.,   1892, 
ix,  256  and  276. 
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14.  Eppinger  and  Rothberger:  Wien.  klin.  Wehnschr.,  1909,  xxii,  1091. 
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basal  region,  is  actual!}^  regarded  as  the  cardiac  apex  in  this  scheme. 
Eppinger  and  Eothberger  understand  Nicolai  to  regard  the  R  wave  as  an 
expression  of  the  spread  of  the  stimulus,  to  conduction  of  the  impulse  in 
contrast  to  actual  contraction^  and  cite  several  facts  which  they  regard  as 
opposed  to  such  an  interpretation.  The)''  state  that  if  R  is  referred  to 
conduction  alone  the  interval  from  P  to  the  end  of  R,  which  under  these 
circumstances  would  represent  As-Ys  conduction,  is  actually  larger  than 
this  conduction  period.  They  find  it  difficult  to  understand  why  the  R 
wave  is  not  always  diphasic  in  such  conduction  in  a  linear  direction 
between  two  points  and  why  the  conduction  of  the  excitation  produces 
such  a  marked  ejffect  (R  wave)  in  the  terminal  connections  of  the  con- 
ductive system  while  it  produces  no  effect  in  its  passage  through  the 
bundle  and  its  branches.  They  believe  that  the  observations  of  Kahn  on 
the  time  relation  between  the  R  wave  and  the  rise  of  intraventricular 
pressure  do  not  support^,  as  they  have  been  supposed  to  do,  ISTicolai's 
interpretation.  Kahn,  in  a  series  of  papers,  has  studied  the  time  relations 
between  the  waves  of  the  electrocardiogram  and  various  features  that 
occur  in  the  cardiac  cycle.  He  found  by  simultaneous  records  of  the 
intraventricular  pressure,  the  carotid  pulse  and  the  electrocardiogram, 
that  the  R  wave  begins  before  the  pressure  in  the  ventricle  rises  and  is 
completed  during  the  period  of  teusion,  having  ended  by  the  time  the 
outflow  period  begins.^^  Since,  according  to  JSTicolai,  the  R  wave  is  due  to 
the  activity  of  the  papillary  system,  it  must  occur  before  that  part  of  the 
heart  musculature  which  causes  a  reduction  of  the  internal  capacity  of 
the  heart  becomes  active,  and  this,  as  we  see,  Kahn  finds  to  be  the  case. 
Similar  relations  have  been  found  by  Kahn  to  hold  between  the  beginning 
of  the  first  heart  sound  and  the  R  wave.^*^  Eppinger  and  Rothberger 
criticize  those  facts  as  applied  in  support  of  Nicolai's  view,  in  that  they 
believe  that  the  electrical  change  actually  in  all  cases  precedes  the 
mechanical  change  to  which  it  corresponds,  and  call  attention  to  the  fact 
that  Kahn's  curves  show  that  the  P  wave  of  the  electrocardiogram  also 
precedes  the  rise  in  the  pressure  curve  of  the  right  auricle.  Furthermore, 
they  state  that  the  contraction  of  the  musculature  must  reach  a  certain 
point  before  rise  of  intraventricular  pressure  begins.  They  cite  the 
experiment  of  Kahn  in  which  he  found  that  in  artificial  stimulation  of 
the  ventricle  in  vagus  standstill  the  action  current  began  .075  seconds 
before  the  rise  of  intraventricular  pressure.  Here  the  contractile  sub- 
stance was  directly  stimulated  and  yet  the  mechanical  definitely  followed 
the  electrical  response.  Kahn,^^  in  reply  to  these  objections,  shows  by  a 
series  of  experiments  on  the  dog's  heart  that  while  the  electrical  latent 
period  of  the  heart  (the  time  from  incidence  of  stimulus  to  electrical 
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change)  comprises  a  considerable  period  of  time  (.02  to  .03  seconds),  the 
difference  between  the  electrical  and  mechanical  response  is  extremely 
short,  not  more  than  .003  seconds.  Kahn  concludes  from  this  that  the 
mechanical  contraction  of  that  part  of  the  heart,  the  electrical  expression 
of  which  goes  to  form  the  E  wave,  must  occur  not  later  than  .002  of  a 
second  after  this  wave  begins.  He  repeats  his  original  conclusion  as  to 
the  relation  of  the  E  wave  to  activity  in  the  ventricle  and  shows  that  the 
mechanical  activity  of  the  anterior  wall  of  the  right  ventricle  begins  after 
completion  of  the  E  wave.  The  time  relations  of  the  rise  in  pressure  in 
the  left  ventricle,  the  first  heart  sound  and  the  mechanical  activity  of  the 
wall  of  the  right  ventricle  to  the  beginning  and  length  of  the  E  wave 
of  the  electrocardiogram  confirms  the  view  that  the  E  wave  is  to  be 
referred  to  the  activity  of  the  papillary  system.  Kahn  further  states 
that  he  has  never  committed  himself  to  the  view  that  the  E  wave  is  purely 
a  conduction  plienomenon,  but  has  merely  insisted  that  the  activity  of 
the  circular  fibei's  (TreihiverJc)  occurs  only  after  the  completion  of  the 
E  wave  and  has  nothing  to  do  with  the  production  of  this  wave.  Eehfish^^ 
calls  attention  to  the  fact  that  Eppinger  and  Eothberger  have  really 
misinterpreted  Nicolai's  statement  in  reference  to  the  E  wave.  Nicolai 
does  not  state  that  the  E  is  a  pure  conduction  wave,  but  that  it  arises 
from  conduction  in  and  contraction  of  one  of  the  muscle  layers  of  the 
heart,  namely,  the  papillary  system.  It  is  extremely  difficult  to  obtain 
from  Nicolai's  statements  the  relative  parts  he  regards  conduction  and 
contraction  to  play,  if  indeed  he  has  in  mind  any  sharp  distinction 
between  the  two. 

Having  found  serious  objections  to  the  two  prevalent  theories  con- 
cerning the  interpretation  of  the  electrocardiogram,  Eppinger  and  Eoth- 
berger present  another  point  of  view  founded  on  a  long  series  of  experi- 
ments in  which  they  attempted  to  render  functionless  different  layers  of 
the  heart  muscle  by  freezing  with  ethyl  chlorid  or  by  the  injection  of 
mercuric  chlorid  or  silver  nitrate.  The  results  from  these  experiments 
lead  them  to  the  conclusion  that  it  is  not  the  play  of  antagonistic  electric 
potentials  at  the  base  and  apex  of  the  ventricles  that  produce  the  electro- 
cardiogram, but  that  the  curve  is  the  resultant  of  the  action  currents 
arising  from  the  longitudinal  and  circular  muscle  system  of  the  heart. 
Activity  of  the  longitudinal  musculature  causes  the  galvanometer  to  give 
an  upstroke  (wben  connected  so  that  the  E  is  directed  upward),  while 
activity  of  the  circular  fibers  neutralizes  this  or  actually  produces  a  down- 
ward movement.  In  other  words,  the  production  of  the  electrocardiogram 
does  not  depend  on  the  resultant  of  electric  conditions  developed  at  base 
and  apex  of  the  ventricles  from  activity  of  the  muscle  in  these  regions, 
as  assumed  in  the  theories  of  Emthoven  and  of  Kraus  and  Nicolai,  but 
whether  the  curve  is  up  or  down  depends  on  whether  negativity  pre- 
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dominates  in  the  longitudinal  or  circular  fibers  of  the  heart.    This  con- 
clusion is  founded  on  the  following  experimental  results: 

1.  Freezing  the  surface  of  the  ventricles  with  a  spray  of  ethyl  chlorid 
produces  no  change  in  the  E  wave.  This  is  true  for  both  ventricles  and 
for  base  and  apex.  The  E  wave  must  arise,  therefore,  from  some  deeper 
structure  than  the  outer  longitudinal  layer.  The  T  wave  becomes  smaller 
or  negative  on  freezing  any  part  of  the  surface  of  the  left  ventricle  or  the 
surface  of  the  apex  of  the  right  ventricle.  Freezing  the  surface  of  the 
base  of  the  right  ventricle,  on  the  other  hand,  increases  the  T  wave  (in  a 
positive  direction).  Section  shows  that  the  efEect  of  freezing  does  not 
extend  at  the  greatest  to  a  depth  of  more  than  1  millimeter. 

2.  Injury  to  the  deeper  layers  of  the  left  ventricle  by  injection  of 
mercuric  chlorid  or  silver  nitrate  caused  in  certain  cases  increase  in  the 
height  of  E,  abolition  of  S,  if  present,  loss  of  the  level  period  between 
E  and  T,  increase  of  the  height  and  duration  of  T,  and  finally  fusion  of 
E  and  T  to  form  a  large  monophasic  upward  directed  curve.  This  effect, 
regarded  as  typical,  was  observed  in  thirteen  out  of  twenty-five  cases.  In 
?ome  cases  no  effect  occurred  from  the  injury ;  in  others,  there  was  merely 
an  increase  of  T  and  a  tendency  to  fusion  with  E.  The  results  were  the 
same  whether  the  injections  were  made  into  the  base  or  the  apex  of  the 
ventricle.  Injury  to  the  anterior  and  posterior  papillary  muscles  pro- 
duced no  effect. 

3.  Injury  to  the  deeper  layers  of  the  right  ventricle  cause  in  typical 
cases  the  appearance,  or  increase  if  already  present,  of  the  S  wave  and 
increase  of  the  T  wave.  The  S  and  T  continue  to  increase,  the  E  wave 
becomes  reduced  and  finally  disappears  and  the  curve  assumes  the  form 
characteristic  of  an  extra-systole  of  the  left  ventricle.  That  it  is  not, 
however,  an  extra-systole  of  the  left  ventricle  is  shown  by  the  presence  of 
a  P  wave.  In  some  cases  the  E  is  reduced,  the  T  increased  and  S  is 
unaffected,  but  usually  the  essential  change  is  the  appearance  or  increase 
of  an  already  present  S  wave.  It  is  suggested  that  the  different  effects 
observed  may  be  due  to  differences  in  the  seat  of  injury,  particularly  as 
to  whether  the  auricular  or  pulmonic  regions  are  affected,  but  the  experi- 
ments are  not  sufficient  to  demonstrate  this. 

4.  Injury  to  the  interventricular  septum  causes  the  same  effect  as 
injury  to  the  deep  layers  of  the  left  ventricle,  unless  the  lesion  reaches 
the  muscles  lying  just  beneath  the  endocardium,  when  the  result  is  the 
same  as  that  following  injury  to  the  right  ventricle. 

Eppinger  and  Eothbcrger  cite  the  anatomical  researches  of  Krehl  and 
others  as  showing  that  while  the  middle  or  circular  layer  of  fibers  ( Treib- 
werk)  of  the  right  ventricle  is  very  poorly  developed,  it  forms  the  greater 
mass  of  musculature  of  the  left  ventricle.  The  longitudinal  fibers,  on 
the  other  hand,  are  well  developed  in  both  ventricles.  They  believe, 
therefore,  that  any  eff'ect  produced  by  injury  to  the  deeper  layers  of  the 
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left  ventricle  can  be  referred  mainly  at  least,  to  the  circular  fibers. 
Injury  to  these  causes  an  increase  in  the  whole  electrocardiogram  in  an 
upward  direction,  while  injury  to  the  right  ventricle  or  internal  longi- 
tudinal layers  of  the  septum  or  left  ventricle  causes  the  opposite  effect. 
The  antagonistic  forces  at  work  in  the  production  of  the  electrocardi- 
ogram may  thus  be  regarded  as  the  circular  and  longitudinal  muscular 
systems.  The  former  in  its  activity  tends  to  cause  the  electrocardi- 
ographic curve  to  descend,  the  latter  acts  in  the  opposite  direction.  The 
normal  electrocardiogram  represents  the  resultant  of  these  two.  Wlien 
one  set  of  fibers  is  injured,  the  action  of  the  other  preponderates  and  a 
corresponding  change  in  the  curve  occurs. 

Eppinger  and  Kothberger's  detailed  explanation  of  the  electrocardi- 
ogram is  as  follows :  The  E  wave  is  an  expression  of  the  unopposed 
action  of  the  internal  longitudinal  fibers  and  corresponds  therefore  to 
the  onset  of  systole  of  the  ventricles.  The  remainder  of  the  electrocardi- 
ogram is  the  resultant  of  the  action  of  two  forces.  The  activity  of  the 
circular  fibers  may  predominate  for  a  short  time  to  form  an  S  wave.  Tlie 
level  part  of  the  curve  between  S  (or  E)  and  T  represents  a  complete 
antagonism  of  the  two  systems.  They  make  no  definite  statements  in 
reference  to  the  formation  of  the  T  wave.  The  observation  of  Einthoven 
that  in  man  hypertrophy  of  the  left  ventricle  is  frequently  associated 
with  a  negative  E,  while  in  hypertrophy  of  the  right  ventricle  the  E  is 
increased  in  a  positive  direction,  seemed  to  support  his  view  that  the  base 
of  the  heart,  so  far  as  concerns  the  production  of  the  electrocardiogram, 
is  represented  by  the  right  ventricle  and  it  is  the  activity  of  this  which 
normally  causes  the  E  wave.  Eppinger  and  Eothberger  note  that  the 
same  fact  may  be  well  explained  on  their  interpretation,  since  in  left 
ventricular  hypertrophy  the  increase  is  almost  entirely  in  the  circular 
fibers,  while  in  right  ventricular  hypertrophy  it  is  the  longitudinal 
system  which  is  increased. 

In  a  later  paper,  Eppinger  and  Eothberger^*  study  the  effect  on  tlie 
electrocardiogi'am  of  dogs  of  cutting  away  the  whole  of  either  the  right 
or  the  left  ventricle.  Complete  removal  of  the  left  ventricle  causes  the 
normal  electrocardiogram  to  be  replaced  by  a  large  upward-directed 
monophasic  curve,  which  persists  until  stoppage  of  the  heart  (usually  in 
about  five  minutes).  The  first  effect  of  removal  of  the  right  ventricle  is 
a  reduction  of  the  E  and  a  great  increase  in  the  S  wave,  but  before 
complete  stoppage  of  the  heart  the  curve  assumes  a  fairly  close  resem- 
blance to  the  normal  electrocardiogram.  The  E  wave  is  small,  the  T  very 
large.  It  would  appear,  therefore,  that  the  left  ventricle  alone  can  give 
an  approximately  normal  electrocardiogram,  while  the  right  ventricle 
alone  cannot.     Since  the  left  ventricle  contains  both  longitudinal  and 
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circular  musculature,  while  the  right  ventricle  contains  very  few  if  any 
circular  fibers,  these  results  seem  to  bear  out  the  interpretation  based  on 
their  earlier  work. 

Eppinger  and  Rothberger  thus  assign  all  the  waves  of  the  electro- 
cardiogram, more  definitely  perhaps  than  either  Einthoven  or  Nicolai, 
to  muscular  contraction.  The  accuracy  of  their  experiments  and  the 
value  of  the  conclusions  derived  from  them  would  seem  to  depend  largely 
on  the  exactness  of  localization  of  the  methods  employed  for  producing 
loss  of  function  in  the  different  muscle  layers.  The  injury  done  was 
apparently  determined  as  far  as  possible  by  post-mortem  examinations. 
It  must  be  noted  that  the  experimental  results  were  by  no  means  uniform 
and  many  departures  from  the  results  they  regarded  as  typical  occurred. 
These  may  be  perhaps  explained,  as  they  suggest,  by  injury  to  more  than 
one  layer.  The  heart  of  the  frog  and  tortoise,  as  shown  by  Samojloff," 
Straub,-^'  and  Gotch,^^  gives  an  electrocardiogram  in  every  way  similar 
to  that  of  the  mammal.  We  liave  been  unable  to  find  in  the  literature  any 
full  description  of  the  muscular  layers  of  the  cold-blooded  heart  or  any 
study  as  to  the  possible  differentiation  into  longitudinal  and  circular 
fibers.  It  is  impossible,  therefore,  to  say  at  present  whether  the  similarity 
of  the  electrocardiogram  of  cold-blooded  animals  and  mammals  is  opposed 
to  the  theory  of  Eppinger  and  Eothberger.  They  suggest  that  this 
similarity  is  best  explained  on  a  similar  anatomical  arrangement  of  the 
cardiac  musculature  in  the  cold-blooded  animal  and  the  mammal. 

Erom  results  obtained  by  the  action  of  digitalis  on  the  dog's  heart  in 
situ,  Selenin^^  interprets  the  electrocardiogram  as  the  resultant  of  the 
interference  of  tlie  electrical  waves  arising  from  the  right  and  left 
ventricles  respectively.  The  ground  elements  are  the  diphasic  waves  of 
the  two  ventricles,  such  as  occur  in  characteristic  and  unmodified  form 
in  extra-systoles  of  these  chambers.  An  extra-systole  of  the  right  ventricle 
produces  a  diphasic  electrocardiogram  in  which  the  first  movement  (R) 
is  upward,  the  second  (T)  downward.  The  E  is  large,  the  T  relatively 
small.  An  extra  systole  of  the  left  ventricle,  on  the  other  hand,  causes 
a  diphasic  curve  in  which  the  first  movement  is  downward,  while  the  T 
is  positive.  The  R  in  this  case  is  smaller  than  the  T.  Combining  these 
two  curves  one  may  obtain  a  curve  similar  to  the  normal  electrocardi- 
ogram of  the  two  ventricles.  The  upward  R  of  the  right  ventricle  more 
than  neutralizes  the  downward  R  of  the  left;  therefore  the  normal  R  is 
positive  in  direction,  but  smaller  than  the  R  of  a  right  ventricular  extra- 
systole.  The  positive  T  of  the  left  ventricle  is  also  larger  than  the  nega- 
tive T  of  the  right  ventricle,  so  the  T  wave  of  the  normal  electrocardi- 
ogram is  usually  in  an  upward  direction.     Selenin  explains  the  effect  of 
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digitalis  as  causing  a  preponderance  in  action  of  the  left  ventricle  and 
quotes  from  the  literature  in  support  of  the  view  that  digitalis  acts 
mainly  on  the  left  ventricle.  In  the  therapeutic  stage  of  action  of  the 
drug  the  P  and  E  are  not  essentially  changed,  while  the  T  is  increased. 
As  the  toxic  stages  develop  the  E  wave  becomes  reduced,  the  T  much 
increased  and  finally  the  curve  resembles  that  caused  by  an  extra-systole 
of  the  left  ventricle.  The  E  almost  entirely  disappears,  it  is  followed  by 
a  large  downward-directed  wave  (S)  and  a  large  positive  T.  The  S  wave 
is  explained  by  Selenin  by  an  absence  of  complete  synchronism  of  the 
electrical  curves  of  the  two  ventricles,  the  S  wave  really  representing 
the  first  phase  of  the  diphasic  curve  of  the  left  ventricle. 

Opposed  to  Selenin's  view  may  be  mentioned  the  observation  of 
Eppinger  and  Eothberger,^*  that  the  left  ventricle  alone  may  give  an 
approximately  normal  electrocardiogram,  while  the  right  ventricle  alone 
cannot.  Eppinger  and  Eothberger"-  have  furthermore  shown  that  when 
the  branch  of  the  His  bundle  going  to  either  ventricle  is  cut,  the  electro- 
cardiogram assumes  the  form  characteristic  of  an  extra-systole  of  the 
ventricle  still  retaining  its  connection  with  the  bundle.  Both  ventricles 
continue  to  contract  and  yet  the  electrocardiogram  is  profoundly  modified. 
The  development  of  the  so-called  atypical  electrocardiogram  charac- 
teristic of  extra-systoles  would  seem  to  depend,  therefore,  rather  on  an 
abnormal  entrance  of  the  impulse  into  the  ventricle.  Instead  of  the 
excitation  being  conducted  to  the  ventricle  over  its  normal  route  from 
the  auricle,  the  His  bundle  and  its  branches,  it  originates  at  the  part  of 
the  ventricular  muscle  stimulated,  or  in  Eppinger  and  Eothberger's 
experiments,  spreads  from  the  other  ventricle.  When  one  ventricle  is 
stimulated,  both,  of  course,  contract,  and  there  is  no  evidence  that  the 
one  not  directly  stimulated  contracts  less  strongly  than  the  one  stimu- 
lated. To  support  Selenin's  view,  it  would  seem  necessary  to  show  that 
the  left  ventricle  contracting  alone  or  the  right  ventricle  contracting 
alone  would  give  curves,  which,  on  combining,  would  form  the  usual 
electrocardiographic  curve  as  a  resultant. 

In  marked  contrast  to  the  preceding  views  as  to  the  interpretation 
of  the  electrocardiogram,  is  the  theory  of  Hoffmann.-^  From  a  critical 
review  of  the  literature,  certain  observations  in  man  and  experimental 
work  on  animals,  Hoffmann  came  to  the  conclusion  that  the  normal 
electrocardiogram  represents  two  distinct  activities  in  the  heart  occurring 
during  its  systole,  namely,  conduction  of  the  excitation  and  contraction 
of  the  muscle.  Each  activity,  according  to  this  interpretation,  is  asso- 
ciated with  the  development  of  electrical  energy,  and  so  far  as  the 
ventricle  is  concerned,  the  Q  E  S  complex  is  caused  by  the  passage  of 


22.  Eppinger  and  Rothberger:  Zentralbl.  f.  Physiol.,  1911,  xxiv,  1055;  Ztschr. 
f.  klin.  Med.,   1910,  Ixx,   1. 

23.  HofTmann,  A.:    Arch.  f.  d.  ges.  Physiol.,  1910,  cxxxiii,  552. 
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the  wave  of  excitation  over  the  conducting  system  of  the  ventricle,  while 
the  remaining  portion  of  the  ventricular  electrocardiogram  (level  period 
and  T  wave)  results  from  the  electrical  energy  liberated  by  the  contract- 
ing ventricle.  That  a  possible  separation  of  these  two  phenomena  in  the 
genesis  of  the  electrocardiogram  must  be  considered  seems  to  have  been 
first  suggested  by  Judin.^^  The  curve  of  electrical  response  of  a  frog's 
skeletal  muscle  (gastrocnemius)  shows,  according  to  Judin,  a  rapid  and 
large  wave  preceding  and  a  much  slower  and  less  intense  change  accom- 
panying the  contraction  of  the  muscle.  Judin  evidently  realized  the 
importance  of  this  observation  in  reference  to  the  analysis  of  the  electro- 
cardiogram, but  so  far  as  we  know  he  has  not  attempted  this  in  detail. 
In  the  article  referred  to  the  following  statement  occurs: 

Dem  Aussehen  nach  erinnert  diese  Kurve  sehr  an  den  Teil  des  Elektrokardio- 
grams,  der  sich  auf  die  Ventrikel  bezieht.  Daraus  folgt,  das  ehe  eine  Erklarung 
des  Elektrokardiograms  gegeben  wird,  es  geboten  erscheint,  Klarheit  in  die  Frage 
von  den  Aktionsstromen  des  Muskels  iiberhaupt  zu  bringen,  da  diese  Frage  nicht 
so  einfach  ist,  wie  man  dies  bis  jetzt  gewohnlich  anninimt. 

Hofi'mann  shows  by  a  review  of  the  literature  and  by  his  own  experi- 
mental work  that  the  E  and  T  waves  frequently  vary  independently  of 
each  other,  and  believes  that  the  R  wave  cannot  be  considered  as  repre- 
sentative of  contraction  of  the  ventricular  muscle,  since  it  does  not,  as 
has  been  assumed,  especially  by  Einthoven,  show  any  relation  in  its  size 
to  the  extent  of  this  contraction.  He  calls  attention  to  the  fact  that  in 
the  so-called  atypical  electrocardiogram  (electrocardiogram  of  extra - 
systoles  or  ectopic  impulse  formation-^)  the  R  wave  is  much  larger  than 
the  normal,  while  in  many  cases  at  least  the  mechanical  systole  is  much 
weaker  than  normal.  Many  observations,  on  the  other  hand,  indicate 
that  the  size  of  the  T  wave,  frequently,  at  least,  varies  directly  with  the 
size  of  contraction. 

The  T  wave  is  increased  during  and  after  muscular  work  (Einthoven,* 
Miiller  and  Xicolai^**) ;  it  is  first  increased  and  then  decreased  by  the 
action  of  heart  poisons  (Kraus  and  Nicolai^),  before  death  it  becomes 
small  or  disappears  (Kraus  and  Nicolai),  and  it  is  small  or  negative  after 
excessive  hemorrhage  and  in  chloroform  narcosis  (Einthoven*).  Hoff- 
mann's own  experiments  speak  strongly  for  the  view  of  direct  association 
between  the  contraction  and  the  T  wave.  He  recorded  the  electrocardi- 
ogram from  frog  hearts  simultaneously  with  suspension  curves  of  the 
ventricle  and  showed  that  when  the  heart  is  brought  to  a  complete  stand- 
still by  the  application  of  muscarin,  an  electrocardiogram  is  still  evident. 


24.  Judin:   Zentralbl.  f.  Physiol.,  1908,  xxii,  365. 

25.  Hering  has  introduced  the  term  nomotopic  to  indicate  a  normal  impulse 
originating  in  the  normal  pacemaker  of  the  sinus  region.  All  impulses  originating 
outside  of  this  area  are  ectopic. 

25.  Hering:    Arch.  f.  d.  ges.  Physiol.,  1910,  cxxxvi,  466. 

26.  Muller  and  Nicolai:  Zentralbl.  f.  Physiol.,  1908,  xxii,  No.  2. 
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This  electrocardiogram  from  the  non-beating  heart  differs  from  the 
normal  merely  in  the  absence  of  a  T  wave ;  the  E  wave  is  not  reduced  in 
size.  As  the  beats  return  following  the  removal  of  the  muscarin  effect 
by  the  application  of  atropin,  the  E  wave  becomes  no  greater,  although 
the  extent  of  contraction  increases  rapidly.  The  T  wave,  however, 
reappears,  and  gradually  increases  as  the  size  of  the  beat  returns  to 
normal.  In  the  frog's  heart  during  treppe  the  E  wave  does  not  increase 
as  the  extent  of  contractions  increase.  Application  of  distilled  water  to 
the  heart  produces  weaker  and  weaker  systoles  and  finally  cessation  of 
contraction  without  decrease  in  the  E  wave,  but  with  decrease  and  dis- 
appearance of  the  T  wave.  These  results  show  a  striking  lack  of  corre- 
spondence between  the  extent  of  contraction  and  the  E  wave  and  prove 
that  the  production  of  the  electrocardiogram  is  in  part  unconnected  with 
contraction  of  the  cardiac  muscle.  The  abolition  of  contraction  with 
maintained  conductivity  does  not  entirely  abolish  the  electrocardiogram. 
The  group  E  (Q,  E,  S)  is  to  be  ascribed,  not  to  contraction  of  the  muscle, 
but  to  conduction  of  the  cardiac  impulse.  Under  normal  condition  the 
impulse  wave,  or  wave  of  excitation,  is  followed  by  the  contraction  wave. 
Under  certain  experimental  conditions,  as  described  above,  this  does  not 
occur  and  the  change  in  the  electrocardiogram  that  results'  is  confined 
solely  to  the  T  wave.  Hoffmann  further  notes  that  in  the  frog's  heart 
the  T  wave  falls  toward  the  end  of  systole,  and  when  the  length  of 
systole  is  changed  by  cooling  or  warming  the  heart  the  T  wave  separates 
or  approaches  E  to  hold  its  place  always  toward  the  end  of  systole.  The 
T  wave  is  thus  closely  associated  with  contraction  and  particularly  the 
latter  part  of  the  curve.  Hoffmann  agrees  with  Einthoven  and  with 
Kraus  and  Nicolai  in  explaining  the  level  part  of  the  electrocardiographic 
curve  between  E  and  T  as  due  to  simultaneous  contraction  of  all  parts  of 
the  heart  and  the  action  currents  arising  from  this  neutralizing  one 
another  so  that  no  difference  in  the  potential  of  base  and  apex  occurs. 
His  interpretation  of  the  T  wave  is  essentially  that  of  Einthoven  in  that 
it  is  referred  to  the  cessation  of  contraction  in  certain  regions  of  the 
ventricle  while  contraction  continues  in  other  regions.  With  reference  to 
each  wave  of  the  electrocardiogram  the  interpretation  in  detail  is  as 
follows :  The  P  wave  is  the  expression  of  the  spread  of  the  impulse  over 
the  auricle.  The  following  level  part  of  the  curve  between  P  and  E 
represents  the  contraction  of  the  auricle  and  the  passage  of  the  impulse 
through  the  His  bundle  to  the  ventricle.  The  contraction  of  the  auricle 
is  presumably  too  weak  to  give  any  noticeable  differences  in  potential, 
and  hence  no  auriclar  T  wave  is  normally  present.  The  conduction 
through  the  His  bundle  is  very  slow  and  this  explains  why  it  produces 
no  effect  on  the  electrocardiogram.  He  cites  the  work  of  Griitzner, 
Mackenzie,  Kuhe  and  Biedermann,  in  showing  the  absence  of  electrical 
change  in  slowly  contracting  smooth  muscle.    The  impulse  is  distributed 
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first  to  the  papillary  muscles.  If  the  parts  lying  near  the  apex  first 
receive  the  impulse  from  the  branches  of  the  bundle,  a  Q  wave  occurs. 
When  the  excitation  reaches  the  base  the  K  wave  occurs.  It  then  rapidly 
passes  to  the  apex,  causing  the  development  of  the  S  wave.  By  the  end 
of  this  period  the  whole  musculature  of  the  heart  has  received  the  wave 
of  excitation.  N'ow  contraction  sets  in  and  for  a  certain  period  no  further 
change  occurs  in  the  electrocardiogram,  because  all  of  the  heart  muscle 
is  active.  After  a  time  contraction  begins  to  wane  in  certain  regions 
and  persists  undiminished  in  others  and  thus  gives  rise  to  a  difference  in 
potential  between  base  and  apex  and  the  T  wave  is  produced. 

The  essential  characteristic  of  Hoffmann's  interpretation  and  the 
point  in  which  it  difl'ers  from  all  views  in  reference  to  the  formation  of 
the  electroeardiogi-am  is  thus  the  sharp  differentiation  between  the  role 
played  in  its  production  by  conduction  of  the  excitation  on  the  one  hand 
and  the  contraction  of  the  muscle  on  the  other.  As  expressed  by  Hoff- 
mann, the  electrocardiogram  is  to  be  regarded  as  a  curve  of  excitation 
plus  the  end  of  a  contraction  curve. 

Considering  now  in  more  detail  the  interpretation  of  the  T  wave,  the 
various  views  that  have  been  more  or  less  definitely  expressed  may  be 
divided  into  four  groups:  (1)  The  T  wave  is  not  really  indicative  of 
any  potential  change  arising  from  activity  of  the  cardiac  muscle,  but  is 
due  to  changes  m  the  position  of  the  heart  during  its  contraction,  result- 
ing in  disturbance  of  the  null  point  of  the  galvanometer.  2.  The  T 
wave  is  the  result  of  the  contraction  of  the  musculature  of  certain  regions 
or  certain  layers  of  the  heart  just  as  the  E  wave  is  the  expression  of  the 
contraction  of  other  regions.  3.  The  T  wave  is  not  a  special  feature 
associated  with  the  contraction  of  musculature  from  any  particular 
region  of  the  heart,  but  is  a  phenomenon  associated  with  contraction  of 
cardiac  muscle  in  general.  4.  Some  factor  or  factors  enter  into  its  for- 
mation other  than  simple  contraction  of  the  muscle. 

Tlie  first  mentioned  view  has  been  suggested  by  Usoff.^^  As  a  result 
of  contraction  of  the  ventricle  the  long  axis  increases  and  a  change  of 
the  line  of  isopotential  in  relation  to  the  leads  to  the  galvanometer 
results.  iSTormally,  this  change  in  position  results  from  activity  of  the 
left  ventricle  and  the  T  wave  is  positive.  If  the  right  ventricle  contracts 
more  strongly  than  the  left  the  T  wave  is  negative.  If  the  whole  heart 
contracts  weakly,  as  occurs  in  dilatation,  the  form  change  is  slight  or 
absent,  and  the  T  wave  is  likewise  small  or  absent.  Most  authors  have 
attempted  to  interpret  the  T  wave  according  to  the  second  mentioned 
view.  Probably  the  interpretation  that  has  been  most  widely  accepted  is 
that  developed  by  Gotch.^^  In  this  the  T  wave  is  referred  to  a  late 
contraction  of  the  musculature  of  the  ventricles  surrounding  the  base 


27.  Usoflf:   Quoted  from  Rehfish    (Note  11), 
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of  the  aorta  and  pulmonary  artery.     Gotch  attempts  to  bring  the  course 
of  the  cardiac  impulse  into  relation  with  the  phylogenetic  development 
of  the  heart  from  the  primitive  cardiac  tube,  and  conceives  the  impulse 
in  the  fully  developed  mammalian  organ  as  entering  the  auricular  end 
of  the  ventricle,  thence  passing  to  the  apex  and  finally  terminating  at 
the  arterial  base   (aortic  and  pulmonic  bases).     Bayliss  and  Starlings- 
had  previously  worked  on  the  course  of  the  impulse  over  the  mammalian 
ventricle  by  the  method  later  used  by  Gotch  and  had  concluded  that  the 
late  basal  negativity  (as  shown  by  the  T  wave  of  the  electrocardiogram) 
was  due,  not  to  return  of  negativity  from  the  apex  to  the  base,  but 
resulted  from  the  fact  that  the  negativity  at  the  base  outlasted  that  at 
the  apex.    They  conceived  the  contraction  wave  as  beginning  at  the  base 
and  passing  to  and  terminating  at  the  apex,  while  Gotch  differentiates 
between  the  auricular  and  arterial  bases  and  supposes  the  wave  of  con- 
traction to  pass  from  the  first  to  the  apex  and  thence  to  the  aortic  and 
pulmonic  base.     Gotch  worked  on  the  exposed  heart  of  the  tortoise  and 
rabbit  with  the  electrodes  placed  directly  on  the  surface  of  the  heart  and 
connected  with  a  capillary  electrometer.    With  one  electrode  in  contact 
with  a  considerable  part  of  the  base  of  the  ventricle,  including  the 
muscle  lying  around  the  base  of  the  aorta,  the  other  in  contact  with  the 
apex,  he  obtained  a  curve  from  the  tortoise's  heart  resembling  the  normal 
ventricular  electrocardiogram  with  a  pronounced   T   wave.     The  late 
negativity  of  the  base  (T  wave)  was  not  obtained  when  the  basal  contact 
was  limited  to  the  lateral  regions  of  the  ventricular  base,  while  a  localized 
contact  on  that  part  of  the  base  from  which  the  aorta  arises  gave  a  curve 
resembling  that  obtained  when  the  contact  included  the  basal  region  as 
a  whole.    It  seemed  clear,  therefore,  that  the  portion  of  the  base  which  is 
responsible  for  this  late  negativity  is  the  region  lying  at  the  base  of  the 
aorta.    The  base  of  the  ventricle  is  thus  the  seat  of  two  potential  changes 
which  occur  at  different  times  in  ventricular  systole,  one  early,  the  other 
late.     The  second  change,  that  which  gives  rise  to  the  T  wave,  is  only 
manifest  when  the  contact  of  the  basal  electrode  includes  that  portion  of 
ventricular  musculature  lying  at  the  root  of  the  aorta.    If  it  is  true  that 
the  impulse  passes  as  a  wave  from  the  auriculo ventricular  junction  to 
the  apex  and  then  returns  to  the  neighborhood  of  the  aorta,  the  former 
should  show  evidence  of  negativity  before  the  aortic  region,  and  this  he 
found  actually  to  be  the  case.    "When  one  electrode  was  placed  in  contact 
with  the  lateral  parts  of  the  ventricular  base  and  the  other  with  the  base 
of  the  aorta,  the  curve  obtained  was  diphasic ;  the  auricular  base  was  first 
negative  and  after  a  period  of  equipotential,  relative  negativity  developed 
at  the  aortic  region.    The  experiments  on  the  exposed  heart  of  the  rabbit 
confirmed  this  interpretation.    Gotch,  furthermore,  found  that  in  the  frog, 
tortoise  and  rabbit,  an  increase  in  the  contraction  of  the  aortic  region  of 
the  ventricle  produced  by  a  rise  of  blood-pressure  is  associated  with  an 
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increase  in  the  size  of  the  T  wave.  In  the  rabbit's  heart  a  weakening  of 
the  beat  of  the  ventricle  from  any  cause  results  in  a  decrease,  or  if 
pronounced,  a  total  disappearance  of  the  T  wave.  In  a  strongly-beating 
rabbit's  ventricle  shifting  the  basal  electrode  away  from  the  aortic  (or 
pulmonic)  region  results  likewise  in  a  reduction  of  the  T  wave. 

Nieolai,  as  we  have  seen,  explain?  the  T  wave  by  a  return  of  negativity 
to  the  vase  and  hence  agrees  with  the  interpretation  first  proposed  by 
Gotch.  Einthoveu,  on  the  other  hand,  inclines  to  the  conception  devel- 
oped by  Bayliss  and  Starling,  that  the  terminal  basal  negativity  does 
not  represent  a  return,  but  a  continuation  of  negativity  of  this  region 
after  it  has  disappeared  at  the  apex.  Eppinger  and  Eothberger  make  no 
very  definite  statements  in  reference  to  the  cause  of  the  T  wave.  They 
note  that  since  freezing  the  superficial  layer  of  the  ventricular  muscle 
affects  only  the  T  wave,  while  injury  to  the  deeper  layers  produces  none 
or  only  a  slight  effect  on  this  wave,  it  probably  does  not  arise  from 
activity  of  the  deeper  layers.  In  their  description  of  the  effects  of  injury 
to  the  deeper  muscles  they,  however,  describe  quite  marked  effects  on 
the  T  wave. 

The  third  point  of  view  mentioned  above,  namely,  that  the  T  wave  is 
not  to  be  referred  to  any  special  region  or  layer  of  musculature,  but  is  an 
essentia]  feature  accompanying  the  contraction  of  cardiac  muscle  in 
general,  is  the  central  idea  in  Hoffmann's  interpretation  of  the  electro- 
cardiogram. Hoffman n,  as  we  have  seen,  differentiates  sharply  between 
the  electrical  effect  produced  by  conduction,  on  the  one  hand,  and  con- 
traction on  the  other.  The  first  is  represented  in  the  ventricular  electro- 
cardiogram by  the  group  E  (Q,  E,  S),  the  second  by  T.  Early  in  systole, 
when  the  whole  cardiac  muscle  is  in  contraction,  no  T  wave  normally 
develops  because  the  various  action  currents  produced  neutralize  one 
another  so  that  no  difference  in  potential  between  base  and  apex  is 
present.  Such  difference  in  potential  only  arises  when  some  portion  of 
the  heart  (normally  the  apical  regions)  begin  to  pass  out  of  contraction, 
while  others  (normally  the  basal  regions)  remain  strongly  contracted. 
While  thus  it  is  really  one  particular  region  of  the  heart,  the  ventricular 
ba.<?e,  which  is  mainly  concerned  in  the  production  of  the  T  wave,  by  this 
point  of  view  as  expressed,  any  contracting  cardiac  muscle,  no  matter 
from  what  region  of  the  heart,  should  give  a  T  wave  if  the  change  in 
potential  thereby  induced  is  unopposed  by  simultaneous  changes  devel- 
oped in  other  regions  of  the  heart. 

Finally,  the  view  that  some  other  factor  besides  simple  contraction 
of  heart  muscle  plays  a  role  in  the  formation  of  the  T  wave  has  been 
suggested  by  Samojloff  and  by  Straub.  Samojloff,^^  working  on  the  frog's 
heart,  came  to  the  conclusion  that  the  T  wave  is  composed  of  two  com- 
ponents, one  representing  conduction  of  the  excitation,  the  other  con- 
traction of  the  muscle.    He  found  in  extra-systoles  of  the  frog's  ventricle 
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that  while  the  direction  of  the  R  wave  changed,  depending  on  whether 
the  extra-S5^stole  arose  from  base  or  apex  stimulation,  that  the  T  wave 
always  retained  the  direction  present  in  the  normal  beat.  However,  the 
size  of  the  T  wave  varied  in  these  two  cases.  When  the  T  wave  in  an 
extra-systole  is  in  the  same  direction  as  the  K,  it  is  smaller  than  in  a 
normal  beat,  while  when  the  T  is  in  opposite  direction  to  the  E,  it  is 
larger  than  the  normal.  This  can  be  explained  if  the  T  wave  is  regarded 
as  representing  the  second  part  of  a  diphasic  curve  of  conduction,  plus 
a  contraction  curve,  in  which  the  latter  element  always  predominates. 
The  part  of  the  T  representing  conduction  is  always  opposite  to  the  E, 
representing  as  it  does,  the  second  part  of  a  diphasic  change.  When  the 
second  component  of  the  T  (representing  contraction)  is  opposite  in 
direction  to  this,  these  two  subtract  from  each  other  and  the  T  is  small. 
When  they  are  both  in  the  same  direction  the  two  components  are  added 
and  the  T  wave  is  larger  than  normal.  It  will  be  noted  that  in  each 
case  the  second  component  of  the  T  (that  representing  contraction)  pre- 
dominates. Straub-°  places  the  T  wave  at  the  beginning  of  diastole  in 
the  frog's  heart  and  suggests  that  it  may  be  in  some  way  connected  with 
assimilatory  processes  in  the  muscle.  He  showed  that  warming  the 
ventricle  increases  its  size  (in  a  positive  direction),  while  cooling  causes 
it  to  become  small  or  negative. 

The  T  wave,  as  has  been  noted  by  most  writers,  is  by  far  the  most 
variable  feature  of  the  electrocardiogram.  While  in  the  normal  curve 
from  man  it  is  nearly  always  in  the  same  direction  as  the  E  wave,  in  the 
frog,  tortoise  and  in  mammals  used  in  experimental  work  a  downward- 
directed  (negative)  T  wave  is  not  at  all  uncommon  in  an  apparently 
normal  heart  beat.  Many  observations  have  been  made  in  an  attempt  to 
determine  the  factor  or  factors  that  underlie  the  variations  in  size  of 
the  T  wave  and  the  majority  perhaps  point  to  the  conclusion  that  a  close 
correspondence  exists  between  the  extent  of  ventricular  contraction  and 
the  size  of  this  wave.  The  work  of  Hoffmann  in  this  connection  and  the 
literature  he  cites  has  already  been  referred  to.  Eehfish,^^  in  an  extensive 
as  determined  by  orthodiagraphic  methods.  The  highest  positive  T  waves 
comes  essentially  to  this  conclusion.  In  an  analysis  of  350  clinical  cases 
the  size  of  the  T  wave  was  compared  with  the  arterial  blood-pressure  as 
measured  by  the  v.  Eecklinghausen  tonometer  and  the  size  of  the  heart 
as  determined  by  orthodiographic  methods.  The  highest  positive  T  waves 
were  present  in  cases  of  moderate  blood-pressure  (111  to  130  mm.  systolic 
pressure),  and  in  which  there  was  no  great  enlargement  of  the  heart,  but 
in  which  the  x-raj  examination  showed  particularly  strong  heart  move- 
ment. The  most  pronounced  examples  of  this  type  were  cases  of  well- 
developed  hypertrophy  with  no  evidence  of  broken  compensation,  espe- 
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cially  well  marked  in  cases  of  pure  cardiac  neuroses.  In  pronounced 
heart  weakness  or  in  dilatation  and  in  very  small  hearts  with  low  blood- 
pressure,  the  contractions  of  the  heart,  as  shown  by  the  iiuoroscope,  are 
small,  and  these  are  always  associated  with  a  small  T  wave.  In  greatly 
enlarged  hearts  with  very  high  blood-pressure  (180  to  350  mm.  systolic) 
the  T  wave  is  small  or  negative  in  the  majority  of  cases.  The  R  wave 
shows  a  tendency  to  increase  in  size  with  increase  in  blood-pressure  and 
increase  in  size  of  heart,  but  the  change  is  not  so  marked  as  occurs  in  the 
ease  of  the  T  wave.  Pribram  and  Kahn'^  conclude  from  a  study  of  over 
300  pathological  cases  that  while  variations  in  the  size  of  the  T  wave  in 
apparently  similar  cases  is  quite  common,  in  general  T  is  strongly 
positive  in  forcibly  contracting  hearts,  while  it  is  small  or  absent  in  very 
weak  hearts.  "While  they  find  that  frequently  the  R  wave  is  modified  in 
right  and  left  ventricular  hypertrophy  in  the  way  described  by  Einthoven, 
many  exceptions  occur.  Samojloff^^  found  that  in  the  electrocardiogram 
of  the  frog's  heart  the  first  systole  following  the  compensatory  pause  of 
an  extra-systole  produced  by  stimulation  of  the  ventricle  ("^post  extra- 
systolic  systole")  shows  a  larger  T  than  normal,  while  the  E  wave  is 
unchanged  in  size.  The  T  wave  of  the  second  normal  systole  following 
an  extra-systole  is.  however,  smaller  than  that  of  succeeding  systoles. 
Langendortf^''  and  Bottazzi'*^  have  shown  that  the  first  post  extra-systolic 
systole  is  larger,  the  second  smaller,  than  the  average  systole.  In  the 
electrocardiogram  these  changes  in  size  of  systole  are  marked  solely  by 
changes  in  size  of  the  T  wave.  Moreover,  in  the  extra-systole  itself  the 
T  wave  is  smaller  than  normal  and  this  difference  is  more  pronounced 
the  earlier  the  extra-systole  follows  a  normal  systole.  As  is  well  known, 
the  earlier  an  cxtrasystole  falls  in  the  preceding  cycle  the  smaller  the 
contraction.  -  The  size  of  the  extra-systolic  contraction  is  thus  directly 
connected  with  the  size  of  the  T  wave.  That  the  T  wave  frequently 
varies  independently  of  the  E  and  seems  to  depend  as  to  degree  of  its 
development  largely  on  the  extent  of  contraction  of  the  heart,  is  further 
indicated  by  studies  on  the  action  of  certain  poisons  on  the  heart  and  on 
tJio  influence  of  the  extrinsic  cardiac  nerves. 

The  action  of  drugs  of  the  digitalis  series  has  been  studied  by  ISTicolai 
and  Simons,^-  by  Straub,^"  and  more  recently  by  Selenin.^^  The  last- 
named  investigator  worked  on  dogs  with  hearts  in  situ  and  found  that  in 
the  stage  of  therapeutic  action  of  digitalis  the  P  and  E  waves  were  not 
essentially  changed  from  the  normal,  while  the  T  wave  was  increased  in 
size.     Nicolai  and  Simons  describe  in  man  an  increase  in  size  of  the  T 
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wave  without  essential  change  in  the  E  as  a  result  of  therapeutic  doses  of 
digitalis.  Straub  describes  similar  effects  from  strophanthin  in  cats  and 
rabbits  at  the  beginning  of  the  toxic  stage  of  action.  Further  action 
causes  a  negative  T.  Epinephrin  (adrenalin)  causes  the  T  to  become 
large  aud  negative.  The  increase  of  the  T  is  the  characteristic  effect  of 
the  action  of  digitalis  on  the  frog's  heart,  according  to  Straub.-^ 
Hering,^*  in  studying  the  pulsus  alternans  produced  by  the  intravenous 
injection  of  glyoxylic  acid,  found  that  the  most  common  change  in  the 
electrocardiogram  produced  by  the  ventricular  alternation  is  in  the  T 
wave ;  the  R  wave  is  never  alone  affected  and  is  always  less  changed  than 
the  T.  In  a  previous  paper,  Hering^^  had  shown  that  the  essential 
feature  in  the  alternation  produced  by  glyoxylic  acid  in  the  mammal's 
heart  is  not  a  hyposy stole  (diminished  contraction)  of  the  whole  ven- 
tricle, but  a  partial  asystole.  Certain  parts  of  the  ventricle  do  not  enter 
into  contraction  at  all  in  the  alternating  small  beats.  The  view  that 
pulsus  alternans  is  a  hyposystole  seems  to  have  been  first  suggested  by 
Gaskell,^^  and  to  have  been  confirmed  for  the  frog's  heart  by  Trendelen- 
burg,^" and  by  Muskens.^®  Hering  could  find  no  relation  between  the 
portion  of  the  ventricle  affected  and  the  change  in  the  T  wave  and 
concludes  that  the  T  wave  is  produced  by  every  part  of  the  musculature 
which  may  be  in  activity  toward  the  end  of  systole  and  is  not  to  be 
referred  to  any  special  region  of  the  ventricles.  Kahn  and  Starkenstein^" 
confirm  Hering  in  that  they  find  in  pulsus  alternans  produced  by  gly- 
oxylic acid  that  the  T  wave  varies  considerably  in  size  in  the  large  and 
small  beats,  while  the  E  wave  is  little  affected. 

The  effect  on  the  electrocardiogram  of  section  and  stimulation  of  the 
extrinsic  cardiac  nerves  has  been  studied  in  detail  by  Rothberger  and 
Winterberg.**^  Increased  accelerator  influence  as  a  result  of  vagus  section 
causes  increase  in  P.  R  is  unchanged  or  smaller  and  T  is  much  increased. 
Stimulation  of  the  right  stellate  ganglion  with  vagi  intact  causes  a 
similar  change.  Stimulation  of  the  left  stellate  ganglion  causes  P  to 
become  small;  R  becomes  diphasic  with  pronounced  S  wave;  T  usually 
becomes  strongly  negative.  Increase  of  vagal  effect  by  section  of  accel- 
erators causes  P  and  T  to  undergo  marked  decrease,  while  R  is  increased. 
They  conclude  that  the  effect  of  increased  accelerator  influence  is  the 
result  of  a  localized  strengthening  of  the  contraction,  a  "partial  hyper- 
s3^stole."  In  reference  to  the  anatomical  distribution  of  the  right  and 
left  accelerator  fibers  they  believe  that  stimulation  of  the  left  accelerator 


34.  Hering:   Ztsclir.  f.  exper.  Pathol,  ii.  Therap.,  1909,  vii,  363. 

35.  Hering:    Miinchen.   med.   Wchnschr.,    1908,   Iv,    1417. 

36.  Gaskell:    Philosoph.   Tr.,   1882,   clxxiii,  993. 

37.  Trendelenburg:  Arch.  f.   (Anat.  u.)   Physiol.,  1903,  p.  271. 

38.  Muskens:   Jour.  Physiol.,  1907,  xxxvi,  104. 

39.  Kahn  and  Starkenstein :  Arch.  f.  d.  ges.  Physiol.,  1910,  cxxxiii,  579. 

40.  Rothberger  and  Winterberg:  Arch.  f.  d.  ges.  Physiol.,  1910,  cxxxv,  506. 


224  TEE    ARCHIVES     OF     INTERNAL     MEDICINE 

causes  negativity  of  the  T  wave  due  to  increased  strength  of  contraction 
of  the  left  ventricle,  while  increase  of  the  T  in  a  positive  direction  from 
stimulation  of  the  right  accelerator  is  due  to  increased  contraction  of  the 
right  ventricle. 

The  role  that  different  parts  of  the  ventricle  play  in  the  genesis  of  the 
T  wave  has  been  studied  in  an  interesting  series  of  experiments  by 
Henle.*^  Hering  and  Biedermann  had  shown  that  as  a  result  of  the 
application  of  a  constant  electric  current  to  the  frog's  heart  the  region 
of  the  ventricle  under  the  anode  remains  uncontracted  while  the  current 
is  passing.  If  the  current  is  very  strong  the  effect  may  spread  to  the 
entire  ventricle,  but  by  using  a  current  of  moderate  strength .  a  well 
localized  effect  may  be  obtained.  For  a  short  time  following  the  cessation 
of  a  current  which  has  been  passing  for  some  time,  the  region  around  the 
anode  contracts  more  strongly  in  each  systole  than  the  remaining  parts 
of  the  heart,  while  the  region  surrounding  the  cathode  shows  diminished 
activit3^  These  effects  likewise  involve  larger  areas  the  stronger  the 
current  employed.  If  the  current  is  not  too  strong  it  is  possible  to 
obtain  a  localized  region  which  contracts  to  a  less  or  to  a  greater  degree 
than  the  remaining  ventricular  muscle.  Henle  applied  this  method  to 
the  study  of  the  effects  produced  by  these  localized  regions  of  depressed 
or  augmented  activity  on  the  electrocardiogram  from  the  heart  of  frogs 
and  mammals  (dogs).  Since  the  passage  of  a  current  through  the  heart 
would  affect  the  electrocardiogram,  he  utilized  the  effects  produced  on 
the  heart  which  follow  the  withdrawal  of  the  current,  namely,  an  aug- 
mentation surrounding  the  anodal  and  a  depression  surrounding  the 
cathodal  region.  One  electrode,  which  can  be  made  either  anodal  or 
cathodal,  is  placed  on  the  heart;  the  other  serves  as  an  indifferent  elec- 
trode connected  with  some  portion  of  the  body  surface.  By  the  use  of  a 
commutator  a  galvanic  current  is  passed  through  the  heart  for  a  period 
of  fifteen  to  twenty  seconds  and  then  by  reversal  of  the  key  connection 
is  made  with  the  galvanometer  and  the  electrocardiogram  obtained  from 
the  sui'face  of  the  heart  (base  and  apex  of  the  ventricle)  for  the  next  few 
beats.  With  the  anode  on  the  base  or  the  cathode  on  the  apex  of  the 
heart,  the  effect  on  the  electrocardiogram  in  the  next  few  beats  following 
the  cessation  of  the  current  was  an  increase  in  size  of  the  T  wave  over 
the  normal.  The  T  wave  is  thus  increased  in  a  positive  direction  when 
the  base  contracts  stronger  or  the  apex  weaker  than  normal.  With  the 
anode  on  the  apex  or  the  cathode  on  the  base  the  T  wave  is  small ;  in  the 
first  two  or  three  beats  following  the  withdrawal  of  the  current  it  may  be 
negative.  The  R  wave  is  practically  unaffected.  As  a  result  of  the 
current  probably  the  activity  of  only  the  superficial  layer  of  the  heart 
muscle  is  affected,  and  since  this  affects  only  the  T  wave  it  is  suggested 
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by  Henle  that  the  R  and  T  arise  from  different  layers  of  muscle.  The 
fact  that  change  in  the  extent  of  contraction  of  the  musculature  at  the 
apex  as  well  as  at  the  base  of  the  ventricle  affect  the  T  wave,  proves  that 
at  the  time  of  occurrence  of  this  wave  the  apical  musculature  as  well  as 
the  basal  musculature  is  in  functional  activity  and  that  both  play  a  part 
in  its  production.  This  is,  of  course,  opposed  to  the  explanation  of  the 
T  wave  upheld  by  Gotch  and  by  Kraus  and  Nicolai. 

The  production  of  the  T  wave,  according  to  the  majority  of  writers, 
is  closely  connected  with  the  activity  of  some  special  layer  or  region  of 
ventricular  muscle.  Only  Hoffmann  (and  perhaps  Judin)  have  suggested 
that  it  is  representative  of  contraction  of  cardiac  musculature,  irrespec- 
tive of  position.  In  relation  to  this  conception  of  great  importance  is 
the  observation  by  Straub*^  of  the  presence  of  a  T  wave  from  the  auricle 
of  the  isolated  frog's  heart.  After  complete  cessation  of  the  contraction 
of  the  ventricle  with  continued  contraction  of  the  auricles,  Straub 
obtained  a  diphasic  curve  followed  by  a  monophasic  curve;  the  latter 
resembling  the  T  wave  of  the  ventricle.  This  observation  on  the  frog's 
heart  has  been  confirmed  by  Eiger''^  and  more  recently  by  Hering.** 
Hering  also  finds  some  indication  for  the  presence  of  a  T  wave  in  a 
curve  obtained  from  the  auricles  of  a  dog  beating  in  situ  after  the  ven- 
tricles have  been  cut  away.  He  states,  however,  that  such  a  conclusion 
can  only  be  arrived  at  with  great  reservation  and  that  further  work  is 
required  to  establish  an  auricular  T  wave  in  the  electrocardiogram  from 
mammals  and  from  man. 

Before  closing  a  review  of  the  recent  literature  on  the  electrocardi- 
ogram, reference  may  be  made  to  the  interesting  series  of  observations 
of  Paul  Hoffmann^^  on  the  electrocardiogram  of  the  invertebrates.  Three 
types  of  electrocardiograms,  according  to  this  work,  are  to  be  recognized. 
The  first  type  is  characterized  by  a  series  of  oscillations,  varying  in 
number  from  two  or  three  to  twenty  or  more  and  extending  throughout 
the  period  of  contraction.  This  iyge  is  characteristic  of  the  heart  of 
certain  arthropods,  namely,  Limulus,  Maia  and  Astacus.  The  heart  is 
evidently  in  tetanic  contraction  and  the  curve  is  simply  a  number  of 
action  currents  rapidly  following  in  succession,  each  corresponding  to  an 
excitation  received  from  the  cardiac  center  in  the  intrinsic  cardiac 
nervous  system.  ISTo  T  wave  is  present,  probably  due  to  the  rapidly 
recurring  contractions  going  to  make  up  the  tetanus.  The  second  type 
of  electrocardiogram  is  characteristic  of  certain  hearts  which  show  a 
peristaltic  contraction,  a  representative  of  which  is  found  in  the  gas- 
tropod, Aplysia.  The  electrocardiogram  is  a  simple  diphasic  curve.  Finally 
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the  third  type  is  the  electrocardiogram  characteristic  of  all  the  higher 
animals,  found  among  certain  of  the  higher  invertebrates  (certain 
cephalopoda)  and  all  the  vertebrates.  The  differences  of  the  electrocardi- 
ogram in  these  different  animals  are  therefore  associated  with  distinct 
differences  in  the  physiological  peculiarities  of  the  heart,  and  the  type  of 
electrocardiogram  of  the  higher  animals,  including  man,  is  characteristic 
of  the  type  of  activity  that  is  peculiar  to  the  heart  of  the  higher  animals. 

THE  RELATION  OF  THE  ELECTBOCARDIOGEAM  TO  OTHER  EVENTS  IN  THE 

CARDIAC  CYCLE 

The  work  of  Kahn^^'  ^^'  ^^  in  this  connection  has  already  been  referred 
to.  Similar  observations  have  been  made  by  Weiss  and  Joachim*®  and 
by  Bull.*'^  There  is  general  agreement  that  the  H  wave  precedes  by  a  few 
hundredths  of  a  second  (.03  to  .06)  the  onset  of  ventricular  systole  as 
shown  by  the  rise  of  intraventricular  pressure  and  the  first  heart  sound. 
The  relation  of  the  electrocardiogram  to  the  venous  pulse  has  been 
studied  by  Eautenberg.*^  While  he  agrees  that  the  onset  of  the  R  wave 
precedes  the  beginning  of  ventricular  systole  and  finds  that  the  position 
of  the  c  wave  on  the  venous  pulse  confirms  this  view,  he  concludes  that 
the  E  wave  is  nevertheless  to  be  referred  to  and  is  representative  of  the 
first  part  of  ventricular  systole.  He  assumes  that  the  P  wave  is  to  be 
referred  exclusively  to  contraction  of  the  auricles  and  its  beginning  must 
correspond  to  the  onset  of  auricular  systole.  Determining  on  his  curves 
the  distance  that  the  auricular  wave  of  the  venous  pulse  follows  the  P 
wave  of  the  electrocardiogram,  he  applies  this  correction  to  the  relation 
between  the  c  wave  of  the  venous  pulse  (onset  of  ventricular  systole) 
and  the  E  wave  of  the  electrocardiogram.  When  this  correction  is  made, 
he  finds  that  the  beginning  of  the  E  wave  falls  in  all  cases  exactly  with 
the  beginning  of  the  c  wave,  and  concludes  that  both  represent  the  same 
process  in  the  heart,  namely,  the  beginning  of  ventricular  systole.  The 
E  wave  thus  represents  the  contraction  of  the  ventricular  muscles  as  a 
whole  and  not  merely  of  the  papillary  system,  since  the  contraction  of 
the  latter  causes  no  rise  in  intraventricular  pressure.  The  reason  that  it 
occurs  in  point  of  time  before  the  cardiac  muscle  contracts  is  to  be 
referred  to  the  latent  period  of  the  heart  muscle.  Considering  for  the 
time  that  Eautenberg's  assumption  that  the  beginning  of  the  P  wave  is 
representative  in  all  cases  of  the  onset  of  auricular  systole,  and  that  the 
correction  as  applied  to  the  relation  between  the  E  and  c  waves  is  correct, 
the  work  of  Kahn"  on  the  relation  between  mechanical  movement  and 
electric  response  which  we  have  already  referred  to  in  some  detail,  is 
entirely  opposed  to  Eautenberg's  interpretation.     As  will  be  discussed 
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later  in  this  paper,  we  believe  we  have  strong  evidence  to  indicate  that 
the  onset  of  the  P  wave  in  by  no  means  all  cases  corresponds  to  the  onset 
of  auricular  systole.  The  observation  of  Einthoven^  and  others,  that  the 
P-R  interval  is  of  different  length  in  different  leads  to  the  galvanometer 
from  the  same  individual,  indicates  that  either  the  P  wave  in  relation 
to  auricular  systole  or  the  R  wave  in  relation  to  ventricular  systole,  or 
both,  undergo  variation. 

We  have  studied  the  relation  of  mechanical  systole  of  the  heart  to  the 
electrocardiogram,  with  especial  reference  to  the  P-E  interval,  in  man 
and  in  the  dog.  Comparative  measurements  were  made  of  the  a-c  interval 
on  the  venous  pulse  and  the  P-E  interval  of  the  electrocardiogram  in 
simultaneous  records  of  the  two  from  fifteen  normal  men.    These  show, 
contrary  to  the  findings  of  Eautenberg,  that  the  P-E  interval  on  the 
electrocardiogram  does  not  correspond  in  the  majority  of  cases  with  the 
a-c  interval  on  the  venous  pulse.    Usually  the  a-c  interval  is  somewhat 
longer  than  the  P-E  interval,  so  that  if  P  is  made  coincident  with  a,  c 
does  not  fall  at  the  beginning  of  E,  but  towards  the  end  of  this  wave. 
In  a  few  cases  the  two  intervals  are  of  approximately  the  same  length 
and  in  several  cycles  in  these  records  the  a-c  interval  is  definitely  shorter 
than  the  P-E  interval.    The  probable  interpretation  of  these  differences 
will  be  discussed  later.     Our  results  thus  indicate  that  the  P-E  interval 
is  not  in  most  cases  a  measure  of  the  As-Vs  interval.     The  opposite 
conclusion  of  Eautenberg  seems  to  have  been  derived  from  records  which 
showed  a  relation  other  than  the  usual  one.    A  more  interesting  point  in 
reference  to  the  interpretation  of  the  electrocardiogram  shown  by  these 
records  is  the  duration  of  systole.     As  is  well  known,  only  on  certain 
phlebograms  is  the  end  of  systole  sharply  marked  by  the  separation 
between  the  t  and  d  waves   (Bard*^).     In  records  from  seven  of  the 
fifteen  individuals,  the  end  of  systole  was  evident  and  these  without 
exception  showed  that  the  length  of  systole,  as  measured  by  the  c-d 
interval  on  the  venous  pulse,  corresponds  to  an  interval  on  the  electro- 
cardiographic curve  beginning  near  or  at  the  end  of  E  to  the  end  of  T. 
If  the  end  of  the  T  wave  is  representative  of  termination  of  the  contrac- 
tion of  the  ventricular  muscle,  as  is  generally  recognized  to  be  true,  it  is 
evident  that  the  onset  of  mechanical  systole  is  represented,  not  by  the 
beginning  of  the  E  wave,  but  by  a  point  at  or  near  the  termination  of 
this  wave.    Figures  1  and  2  are  simultaneous  records  of  the  jugular  pulse 
and  electrocardiogram  in  man  and  show  the  features  discussed  above. 
Figure  3  is  a  record  from  a  dog  and  gives  a  comparison  of  the  a-c  interval 
on  the  jugular  pulse  and  the  P-E  interval  of  the  electrocardiogram  in 
the  same  cycle.    The  venous  pulse  was  recorded  by  a  sound  introduced 
into  the  right  external  jugular  vein  according  to  the  method  used  by 

49.  Bard:   Jour,  de  physiol.  et  de  pathol.  g6n.,  1906,  viii,  454. 
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Fredericq.^°  The  electrocardiogram  in  all  these  records  is  from  Lead  II 
of  Einthoven  (right  anterior  and  left  posterior  extremities).  In  several 
experiments  on  dogs  we  have  compared  the  P-E  interval  with  the  As-Ys 
interval  as  recorded  by  suspension  curves  of  the  right  auricle  and  right 
ventricle.  These  have  led  to  the  same  conclusion.  Certain  abnormal 
conditions  of  the  heart  which  may  cause  a  wide  variation  between  the 
two  will  be  discussed  later.  Finally,  in  simultaneous  records  of  the 
venous  pulse,  electrocardiogi'ams  and  apex  beat  in  four  normal  men,  the 
venous  pulse  has  been  corrected  for  transmission  by  comparison  with  the 
cardiographic  curve  and  this  correction  applied  to  its  relation  to  the 
electrocardiogram.  "When  this  correction  is  made,  the  time  from  the 
onset  of  the  P  wave  to  the  a  wave  of  the  venous  pulse  is  less  than  the 
time  from  the  onset  of  the  E  wave  to  the  c  wave  of  the  venous  pulse. 
If  the  beginning  of  P  is  to  be  referred  to  the  onset  of  auricular  systole, 
the  beginning  of  E  does  not  correspond  to  the  onset  of  ventricular  systole. 
From  these  observations  the  following  conclusions  may  be  drawn : 

1.  Auricular  systole  plus  auriculo-ventricular  conduction  time  is  not 
accurately  represented  on  the  electrocardiogram  by  the  interval  from  the 
beginning  of  the  P  wave  to  the  beginning  of  the  E  wave  (P-E  interval). 
In  the  majority  of  cases  the  As-Vs  interval  corresponds  to  an  interval 
from  the  beginning  of  P  to  some  point  on  the  descending  limb  of  E  or 
the  end  of  this  wave. 

2.  The  period  of  systole  of  the  ventricle,  or  the  time  from  the  rise  of 
intraventricular  pressure,  as  marked  by  the  c  wave  of  the  venous  pulse, 
to  the  closure  of  the  semilunar  valves,  as  marked  by  the  d  wave  of  the 
venous  pulse,  is  represented  in  the  electrocardiogram  by  the  interval 
from  the  end  of  E  to  the  end  of  T. 

From  the  work  of  Keith  and  Flack, '"^^  Wybauw,^-  Lewis  and  Oppen- 
heimer,^-^  Brandenburg  and  Hoffmann,^*  Ganter  and  Zahn^^  and  others, 
we  have  strong  evidence  that  the  cardiac  impulse  in  the  mammalian 
heart  arises  in  a  region  of  tissue  representing  embryological  remains  of 
the  primitive  sinus  and  lying  in  the  adult  organ  along  the  sulcus  ter- 
minal is  of  the  right  auricle  at  its  junction  with  the  superior  vena  cava. 
The  excitation  spreads  from  this  region  to  the  auricles  and  thence  to  the 
A'entricles  by  the  auriculovcutricular  bundle.  The  question  at  once  arises 
whether  or  not  the  activity  of  the  so-called  sinus  region  is  represented 
in  the  electrocardiogram.  Is  the  P  wave  representative  entirely  of 
activity  of  the  auricles,  or  docs  the  cardiac  impulse  before  reaching  the 
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auricular  tissue  proper  play  a  part  in  the  production  of  the  electro- 
cardiographic curve?     We  have  recently  studied  in  a  series  of  experi- 
ments on  the  dog's  heart  in  situ  the  conduction  of  the  excitation  from 
the  sinus  region,  the  results  from  which  will  form  the  subject  of  another 
paper,  but  certain  facts  bearing  on  the  present  problem  may  be  discussed 
here.    The  Keith-Flack  node  manifests  development  of  a  negative  poten- 
tial in  the  dog's  heart  from  0.025  to  0.03  second  before  the  body  of  the 
right  auricle.    This  result  was  obtained  by  measuring  the  time  from  the 
occurrence  of  negativity  in  these  two  regions  in  relation  to  mechanical 
systole  of  the  auricle.     One  electrode  was  placed  on  the  node,  another 
on  the  auricle  and  these  connected  in  turn  through  the  galvanometer  to 
an  indifferent  electrode  on  the  left  hind  leg  of  the  animal,  the  systole  of 
the  right  auricle  being  recorded  at  the  same  time  by  suspension.    There 
is,  therefore,  a  slight  delay  in  the  passage  of  the  impulse  from  the  node 
to  the  auricle,  a  si  no-auricular  interval  which  amounts,  under  normal 
conditions,  to  fj-om  1/5  to  1/3  the  auriculoventricular  interval  in  the 
same  animal.    By  comparing  in  the  same  experiments  the  relation  of  the 
onset  of  the  P  wa\e  of  the  electrocardiogram  to  mechanical  systole  of  the 
auricle,  it  was  possible  to  determine  whether  the  negativity  in  the  sinus 
region  formed  the  first  j)art  of  tlie  P  wave  or  whether  the  wave  is  to  be 
referred  exclusively  to  excitation  in  the  auricle.    An  example  will  make 
this  clear.     In  one  experiment  an  electrode  placed  on  the  sinus  region 
and  connected  witli  an  indifferent  electrode  on  the  left  hind  leg,  showed 
that  the  first  negativity  developed  at  the  sinus  preceded  the  onset  of 
mechanical  systole  of  the  auricle  by  0.08  second.     The  lower  part  of 
the  body  of  the  right  auricle  developed  negativity  0.05  second  before 
auricular  systole.     The   P  wave  of  the  electrocardiogram    (leads  from 
right  anterior  and  left  posterior  extremities)   finally  began  0.07  second 
before  auricular  systole.     The  first  two  of  these  determinations  were 
made  in  the  same  record  by  means  of  a  key  used  to  connect  the  electrodes 
on  the  sinus  and  auricle  in  turn  with  the  galvanometer  and  indifferent 
electrode.  The  relation  of  the  P  wave  to  auricular  systole  was  determined 
from  a  record  immediately  following  the  proceeding.   It  is  evident  from 
the  data  in  this  experiment  that  the  wave  of  negativity  passed  from  the 
sinus  node  to  the  body  of  the  auricle  within  0.03  second  and  that  the 
P  wave  of  the  electrocardiogram  was  in  part  made  up  of  this  negativity, 
while  still  in  the  sinus  region  and  in  part  after  it  had  spread  to  the 
auricles.     Our  experiments  have  also   demonstrated   that  there   is  no 
restricted  path  of  tissue  by  which  the  impulse  spreads  from  the  sinus  to 
the  auricle.    Such  conduction  occurs  by  diffuse  paths,  and  this  is  prob- 
ably the  explanation  as  to  why  the  manifestation  of  sinus  activity  and  of 
auricular  activity  on  the  electrocardiogram  are  fused  to  form  a  single 
wave  (P),  and  do  not  form  two  separate  waves.     A  splitting  of  the  P 
Avave  has  been  described  by  Hering^''  and  others.    Hering  suggested  that 
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the  first  part  represented  activity  of  the  sinus,  the  second  part  activit}^ 
of  the  auricles.  We  have  seen  a  similar  division  into  two  veaves  in  an 
experiment  in  ■which  the  sinus  region  was  partially  isolated  from  the 
auricle  by  cuts  through  the  cardiac  tissue,  and  this  suggests  that  a 
splitting  of  the  P  wave  may  indicate  unusual  difficulty  in  conduction 
from  the  sinus  node  to  the  auricle.  The  point  we  wish  to  emphasize  here, 
however,  is  that  the  P  wave  of  the  electrocardiogram,  in  the  majority  of 
cases  at  least,  is  a  composite  of  the  spread  of  the  excitation  in  the  sinus 
region  and  in  the  auricles.  The  onset  of  this  wave  does  not,  as  a  rule, 
correspond  to  the  development  of  activity  in  the  auricles,  but  is  coinci- 
dent with  or  more  frequently  begins  a  short  time  after  the  excitation 
becomes  evident  in  the  sinus  region.  Xo  separate  wave  occurs  normally 
in  the  electrocardiogram  of  mammals  indicating  activity  of  the  sinus 
because  the  region  is  connected  with  the  auricles  by  many  and  diffuse 
paths  and  there  is  a  relatively  small  delay  in  the  passage  of  the  excita- 
tion to  the  auricle.  In  the  cold-blooded  heart,  the  sinus,  although  present 
as  a  separate  chamber,  the  contraction  of  which  is  separated  by  a  consid- 
erable interval  from  tliat  of  the  auricles,  does  not  as  a  rule  produce  any 
effect  in  the  electrocardiogram,  probably  because  its  activity  is  too  small. 
Using  a  very  sensitive  thread  in  the  galvanometer  we  have  obtained 
evidence  of  a  wave  preceding  tlie  P  wave  of  the  electrocardiogram  in  the 
tortoise  from  leads  from  the  body  tissues  of  the  animals  and  perfectly 
clear  and  definite  results  when  the  leads  were  from  the  exposed  heart, 
one  from  the  sinus,  the  other  from  the  ventricle.  An  example  is  given 
in  Figure  4.  There  is  a  wave  resulting  from  a  sinus  activity,  followed 
by  the  usual  P,  E  and  T  waves.  That  leads  from  the  surface  of  the 
mammalian  heart  fail  to  sliow  under  normal  conditions  any  evidence  of 
a  sinus  Avave  separate  from  that  of  the  wave  produced  by  activity  in  the 
auricle  would  seem  then  to  be  the  essential  difference  between  the  electro- 
cardiogram of  the  cold-blooded  heart  and  the  mammalian  heart  and  to  be 
the  expression  of  the  difference  in  the  two  cases  of  the  physiological 
relation  between  the  sinus  and  auricles.  In  the  example  given  above,  the 
data  are  such  as  to  lead  to  the  conclusion  that  the  first  onset  of  negativity 
in  the  sinus  region  docs  not  give  rise  to  the  P  wave.  In  the  majority  of 
cases  this  is  true,  and  while  only  in  exceptional  cases  does  the  P  wave 
begin  first  when  the  activity  reaches  the  auricle,  usually  the  very  first 
development  of  negativity  in  the  sinus  does  not  affect  the  electrocardi- 
ogram. Probably  if  the  galvanometer  in  all  cases  were  sufficiently 
delicate,  the  onset  of  the  P  wave  would  correspond  always  to  initial 
negativity  of  the  sinus. 

Having  thus  to  consider  the  P  wave  as  made  up  in  practically  all 
cases  in  part  by  activity  in  the  sinus  region,  and  the  extent  to  which  this 
enters  varying  in  difi'erent  cases,  we  have  at  once  an  evident  factor  to 
account,  in  part  at  least,  for  differences  between  the  P-P  interval  and  the 
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interval  from  auricular  systole  to  ventricular  systole  (As-Vs  interval), 
as  measured  by  mechanical  means.  If  one  explains  the  electrocardiogram 
on  the  hypothesis  that  it  represents  two  separate  processes  occurring  in 
the  heart  muscle  during  its  activit}',  namely,  conduction  of  the  excitation 
and  contraction  of  the  muscle,  the  P  and  E  wave  are  to  be  regarded  as 
representing  the  former  process  in  the  auricles  and  ventricles,  respec- 
tively. If  the  P  and  E  waves  are  then  not  manifestations  of  contraction 
of  the  auricular  and  ventricular  muscle,  but  of  the  spread  of  the  wave 
of  excitation,  another  factor  may  be  considered  which  may  act  to  change 
the  P-E  interval  independently  of  the  As-Vs  interval.  It  is  conceivable 
that  the  period  from  the  time  of  entrance  of  the  excitation  into  the 
muscle  to  the  contraction  may  undergo  variations  and  may  be  different 
in  the  case  of  the  auricle  and  ventricle.  The  latent  period  of  mammalian 
heart  muscle  to  direct  stimulation  varies  markedly  at  different  times  in 
the  cardiac  cjde  (Hirschfelder  and  Eyster^^).  A  third  factor  wliich  may 
perhaps  alter  the  P-E  interval  without  changing  the  As-Vs  interval  is 
variation  in  the  conductivity  from  the  sinus  region  to  the  auricle.  By 
application  of  nicotin  to  the  sinus  and  basal  portions  of  the  right  auricle 
we  have  found  tliat  the  P-E  interval  may  become  actually  twice  as  long 
as  the  As-Vs  interval,  as  measured  by  suspension  of  the  right  auricle  and 
right  ventricle.  The  change  in  the  P-E  interval  in  this  case  was  shown 
to  be  due  entirely  to  an  earlier  occurrence  of  the  P  wave  before  mechan- 
ical auricular  systole.  An  example  of  these  experiments  may  be  given. 
Before  application  of  the  nicotin  the  P-E  interval  averaged  0.10  second, 
the  As-Vs  interval  0.13  second.  These  were  measured  from  the  same 
cycles.  The  P  wave  preceded  auricular  systole  by  .055  second.  Follow- 
ing the  application  of  50  per  cent,  nicotin  the  P-E  interval  averaged 
0.13  second,  the  As-Vs  interval  0.06  second;  P  preceded  auricular  systole 
0.13  second. 

Whether  these  may  or  may  not  be  the  main  factors  involved  in 
causing  variations  in  the  P-E  interval  independently  of  the  As-Vs 
interval,  the  fact  is  evident  that  it  can  be  shown  experimentally  that  the 
P-E  interval  is  not  an  accurate  measure  for  this  period,  and  that  the 
two  may  show  independent  variation.  As  we  have  seen,  usually  the  P-E 
interval  is  a  few  hundredths  of  a  second  shorter  than  the  As-Vs  period. 
The  occurrence  of  the  P  wave  before  the  excitation  enters  the  auricle 
would  tend  to  make  it  larger,  yet  normally  the  reverse  is  true.  Wliile 
perhaps  a  definite  answer  cannot  be  given  as  to  the  cause  of  this,  it 
seems  to  us  that  it  may  be  well  explained  on  the  following  grounds: 
'\^Tien  the  excitation  reaches  the  auricle  it  affects  at  once  muscles  the 
contraction  of  which  cause  decrease  in  the  internal  capacity  of  this 
chamber.    This  is  not  true  in  the  case  of  the  ventricle.    The  excitation 
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passes  down  the  His  bundle  into  the  papillary  S3'stem  and  is  thence 
distributed  to  the  remainder  of  the  ventricular  musculature.  It  is  not 
until  the  circular  fibers  of  the  ventricle  are  in  activity  that  any  decrease 
in  the  interval  capacity  of  the  ventricle  occurs  and  a  rise  of  intra- 
ventricular pressure  results.  The  work  of  Hering^*'  has  demonstrated 
that  the  papillary  muscles  contract  at  least  .02  to  .03  second  before  the 
main  mass  of  ventricular  muscle. 

The  fact  that  the  length  of  systole  is  expressed  on  the  electrocardi- 
ogram, not  by  the  distance  from  the  beginning  of  E,  but  from  the  end  of 
R  to  the  end  of  T,  would  seem  again  to  point  to  the  conclusion  that  the 
R  wave  can  have  nothing  to  do  with  tlie  contraction  of  any  musculature 
which  tends  to  decrease  the  size  of  the  ventricle.  In  strong  support  of 
this  is  the  experimental  proof  of  Kahn/^  to  which  we  have  previously 
referred,  that  the  muscle  which,  by  its  activity,  produces  the  R  wave 
must  contract  following  this  wave  a  much  shorter  period  of  time  than 
does  the  mechanical  systole  of  the  ventricle. 

THE  KELATIOX  OF  THE  LIXE  OF  ISOrOTEXTIAL  TO  THE  FOPi^^IATIOX  OF  THE 

ELECTROCARDIOGRAM 

As  has  been  pointed  out,  particularly  by  Kraus  and  Xicolai,^  the 
electrocardiogram  is  the  expression  of  the  algebraic  sum  of  many  electric 
potential  differences  conducted  away  from  the  heart  by  its  interior  and 
exterior  surfaces  to  the  peripheral  tissues.  The  whole  heart  serves  as  an 
indifferent  conductor  for  potential  differences  arising  at  any  point  within 
the  organ  and  the  actual  potential  at  any  given  point  at  any  time  is  due 
to  the  activity  in  this  region  modified  by  activity  occurring  at  this  time 
in  all  other  regions.  AVe  may  suppose  to  exist,  as  was  first  described  by 
Waller,^  in  reference  to  any  two  leads  from  the  extremities,  a  line  or 
equator  of  equipotential  passing  through  the  heart  between  base  and 
apex.  A  preponderance  of  negative  potential  above  this  line  (basal  por- 
tions of  heart)  causes  the  movement  of  the  galvanometer  connected  with 
the  two  hands  in  such  a  way  as  to  indicate  relative  negativity  of  the 
electrode  connected  with  the  right  hand.  In  leads  from  a  hand  and  foot, 
the  hand  assumes  this  relative  negativity.  A  preponderance  of  negativity 
below  tliis  line  causes  movement  of  the  galvanometer  in  the  opposite 
direction. 

We  have  attempted  to  afford  experimental  evidence  for  this  assump- 
tion by  artificially  producing  a  condition  of  negativity  in  various  regions 
of  the  heart  and  determining  tlie  effect  produced  on  the  galvanometer 
connected  in  the  usual  way  with  two  leads  from  the  extremities.  Dead 
dogs  were  used.  The  animal  was  placed  in  a  large  sheet-iron  tank,  the 
bottom  of  which  was  covered  with  saline  solution  to  a  deplli  of  several 
centimeters.     Leads   to   the  salvanomoter   were  made   from    tlie   ricrlit 
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anterior  and  left  posterior  extremities.  Six  non-polarizable  electrodes 
were  placed  on  various  regions  of  the  heart.  These  were  connected  with 
a  switch  with  six  contact  points  by  means  of  which  any  one  of  the  elec- 
trodes could  be  placed  in  a  circuit  with  a  battery  and  a  large  sheet-iron 
plate  on  the  bottom  of  the  tank  containing  the  animal.  By  this  means 
a  current  could  be  sent  through  the  animal,  entering  by  a  large  area 
through  the  skin  of  the  back  and  leaving  by  a  much  smaller  area  on  the 
surface  of  the  heart.  While  this  condition  probably  resembles  little  the 
actual  condition  present  in  the  beating  heart  in  which  a  potential  differ- 
ence arises  between  two  points  from  activity  of  the  muscle,  we  were  able 
to  demonstrate  the  fact  that  a  difference  of  potential  arising  under  the 
conditions  of  our  experiment  affect  the  galvanometer  connected  with  the 
two  limbs  differently,  depending  on  what  region  of  the  heart  shows  this 
change  in  potential.  The  relation  between  different  points  on  the  heart 
may  thus  be  compared  and  a  line  of  isopotential  demonstrated  under  the 
conditions  present.  Change  in  potential  along  this  line  causes  no  move- 
ment of  the  galvanometer.  A  negative  charge  above  this  line  causes  the 
galvanometer  to  move  in  a  direction  indicating  relative  negativity  of  the 
electrode  connected  with  the  anterior  limb.  A  negative  charge  below  this 
line  causes  the  galvanometer  to  move  in  the  opposite  direction.  The 
actual  position  of  the  line  of  equipotential  in  our  experiments  Was  an 
arbitrary  one  and  could  be  shifted  by  varpng  the  position  and  extent  of 
contact  of  the  animal  with  the  salt  solution  in  the  tank.  The  relation  of 
other  parts  of  the  heart  to  the  region  transversed  by  this  line,  however, 
remained  quite  constant.  The  position  of  the  six  electrodes  was  as 
follows : 

1.  (a)  Region  of  the  sinus  (Keith-Flack)  node,  (b)  or  body  of  right 
auricle. 

2.  Eegion  of  the  auriculo ventricular  (Tawara)  node  at  the  base  of  the 
interauricular  septum. 

3.  Auriculoventricular  bundle  near  bifurcation. 

4.  Left  ventricular  apex. 

5.  Eight  ventricular  base. 

6.  Aortic  base  of  left  ventricle. 

The  results  from  the  three  experiments  of  this  character  may  be 
summarized  as  follows:  When  the  line  of  isopotential  passed  along  the 
region  of  the  ventricles,  a  movement  of  the  galvanometer  indicating 
negativity  of  the  anterior  electrode  (right  fore  limb)  occurred  when  the 
current  was  passed  through  the  electrodes  on  the  sinus,  the  right  auricle, 
the  A-V  bundle  and  the  region  of  the  Tawara  nodes.  The  extent  of 
movement  was  in  the  order  named.  The  two  ventricular  bases  showed 
movement  in  the  same  direction  as  the  above  and  to  about  an  equal 
degree.     Xo  marked  difference  was  obtained,  but  in  two  of  the  three 
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experiments  the  movement  was  slightly  greater  for  the  aortic  base  than 
for  the  base  of  the  right  ventricle.  Measurements  from  a  record  may  be 
given  as  follows : 

Sinus    —13 

Intraventricular  septum    — 12 

A-V   bundle    —10 

Left  ventricular  apex +  4 

Right  ventricular  base    — 10 

Aortic  base  of  left  ventricle — 10 

The  figures  refer  to  the  movement  of  the  thread  in  millimeters.  The 
minus  sign  indicates  movement  showing  relative  negativity  of  the 
anterior  electrode.  The  plus  sign  indicates  negativity  of  the  posterior 
electrode.  By  shifting  the  contact  of  the  back  of  the  animal  with  tlie 
salt  solution  in  this  experiment,  a  movement  of  the  thread  indicating 
relative  negativity  of  the  anterior  electrode  occurred  in  all  cases.  The 
relation  between  the  extent  of  movement  in  each  case  remained,  however, 
without  change. 

While  we  realize  that  the  application  of  any  results  drawn  from  the 
above  experiments  to  the  normal  electrocardiogram  must  be  applied  with 
all  due  reservation,  we  believe  the  fact  that  the  basal  regions  of  the 
ventricle  show  similar  relations  to  the  leads  from  the  limbs  as  do  the 
supraventricular  regions  of  the  heart,  and  particularly  the  absence  of 
any  marked  difference  between  the  base  of  the  right  and  left  ventricles, 
is  at  least  suggestive.  It  would  seem  to  be  opposed  to  the  views  of  Ein- 
thoven'""  and  Selenin-^  that  the  two  ventricles  in  their  activity  represent 
the  opposing  influences  in  the  production  of  the  normal  electrocardi- 
ogram and  would  tend  to  lay  stress  on  the  difEerence  between  base  and 
apex  in  this  connection.  The  fact  tliat  a  line  of  isopotential  can  be 
obtained  experimentally  under  the  conditions  described,  and  that  there 
is  general  agreement  in  the  curves  obtained  with  those  representing 
potential  changes  in  the  normal  beating  heart,  as  for  example,  the  fact 
that  activity  of  the  right  auricle  produces  always  in  the  beating  heart 
relative  negativity  of  the  anterior  electrode  while  activity  of  the  ven- 
tricular apex  affects  movement  in  the  electrocardiogram  in  the  opposite 
direction,  seem  to  us  to  offer  support  to  the  view  that  normally  there  is 
such  a  region  of  isopotential  between  base  and  apex  and  it  is  the  balance 
of  potential  on  the  two  sides  of  this  which  determines  whether  the 
electrocardiographic  curve  moves  in  one  direction  or  the  other.  The 
simplest  explanation  of  why  the  P  wave,  for  example,  is  monophasic  in 
the  electrocardiogram  from  the  extremities  while  it  may  be  diphasic  in 
direct  leads  from  the  auricle,  is  that  all  of  the  activity  producing  it  is 
above  the  line  of  isopotential.  Whether  or  not  the  T  wave  is  positive 
or  negative  in  direction  may  also  be  well  explained  by  the  resultant  of 
activity  above  and  below  this  line.     In  a  T  wave  directed  in  the  same 
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Fig.  1. — Electrocaidiograni  (Lead  II)  and  vonoiis  pulse  from  man.  Time 
record  in  1/5  sec.  To  show  comparative  lengths  of  the  PR  and  ac  intervals, 
and   the  R-T   and   c-d   intervals. 

Fig.  2. — Similar  to  Figure   1. 

Fig.  3. — Electrocardiogram  (Lead  II)  and  veiidus  pulse  from  a  dog.  to  com- 
pare the  length  of  the  PR  and   a-e  intervals. 


Fis.  4.  Fis.  .-). 

Fig.  4. — Electrocardiogram  from  superficial  le.ids  from  the  exposed  tortoise 
heart,  to  show  tlie  wave  arising  from  sinus  activity.  The  leads  to  the  galvanom- 
eter were  from  the  sinus  and  ventricular  apex.  The  lowest  line  signals  the 
mechanical  systole  of  the  sinus.  The  electrocardiographic  record  shows  a  sinus 
wave  followed  by  a  P  and  R  wave.     The  time  record  is  in   1/5  second. 

Fig.  5. — Eleclrocardiographic  curve  obtained  ficm  tlie  exposed  tortoise  heart 
(leads  from  right  auricle  and  ventricular  apex)  in.  Avhicji  the  ventricle  had  ceased 
beating  as  a  result  of  the  application  of  a  second  Stannius  ligature.  Time  in  1/5 
sec    intervals.     The  lowest  line  signals  the  auricular  svstole. 
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Fig.  n. 
Fig.   G. — Electrocardiogram    (Lead   II)    from  a   dog.   sjiowing  heart-block   as  a 
result  of  a  toxic  dose  of  niorphin.     'I lie  blocked  eycies  slidw  a  small  \\ave  follow- 
ing the  P  which   is  inter]ireted  as  an  auricular  T  wave. 
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Fig-.  7.  Fig.  8. 

Fig.  7. — Electrocardiogram  (Lead  II)  from  a  dog,  showing  lieart-block  as  a 
result  of  pressure  applied  to  the  region  of  the  auriculoventricular  node.  The 
blocked  cycle  shows  an  auricular  T.  The  lowest  line  records  the  mechanical 
systole  of  the  right  auricle. 

Fig.  8. — Curve  from  dog's  heart  in  situ  with  le.ids  to  the  galvanometer  from 
the  exposed  right  auricle  and  from  the  left  posterior  leg.  Heart-block  from 
vagus  stimulation,  showing  tiie  auricular  T.  The  lowest  line  recoids  the  mechan- 
ical systole  of  the  right  auricle. 
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Fic.  !). — Action  eiuii'iit  fioiii  a  liinuitudinal  stiiji  of  vciitriculai-  nni>i-If  t'lnm 
the  tortoise  ventricle  not  including  any  of  the  region  of  the  aortic  base.  Shows 
a  diphasic  R  followed  by  a  T  wave  accompanying  the  contraction  resulting  from 
mcclianical  stimulation.     The  lowest  line  records  tlie  contraction. 


Fig.  Hf. — Action  current  fioni  a  stiip  of  vcntiicular  muscle  cut  from  the 
apical  region  of  the  tortoise  ventricle.  Monophasic  I?  followed  by  T.  The  lowest 
line  signals  the  contraction  of  the  strip. 


Fig.   II. — Similar  to  Figure  10.     T  in  same  direction  as  first   movement  of  U. 


Fig.  12. — Action  current  from  strip  cut  crosswise  from  tlie  mid-region  of  a 
tortoise  ventricle  and  stimulated  mechanically.  The  contraction  of  the  strip  is 
signaled  by  the  lowest  line  of  the  record. 
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Fig.  i;^. — Actir)!!  current  fiom  the  ventiicle  of  a  cat  after  remo\al  of  tlie 
basal  regions,  ilechaiiiial  -1  iiiiulation.  Tlie  lowesi  ]in(>  of  the  iccord  sliows  tlie 
duration  of  contraction. 
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direction  as  the  P,  the  predominant  activity  producing  it  would  be  in  the 
ventricular  bases,  while  a  T  in  the  opposite  direction  (so-called  negative 
T  wave)  would  seem  to  depend  on  excess  of  activity  in  the  more  apically 
lying  ventricular  musculature. 

THE  INTERPRETATION'  OF   THE  T   WAVE 

The  various  views  that  have  been  advanced  to  explain  the  T  wave 
liave  been  described.  Our  o^\^l  observations  support  the  view  of  Hoff- 
mann,-^ in  so  far  as  this  investigator  separates  between  conduction  and 
contraction  in  cardiac  muscle  and  refers  the  T  wave  to  the  latter. 

We  have  succeeded  in  demonstrating  the  presence  of  a  wave  resem- 
bling in  all  characteristics  the  T  wave  of  the  electrocardiogram  in  (1) 
the  auricle  of  the  cold-blooded  heart;  (2)  the  auricle  of  the  mammalian 
heart;  (3)  the  ventricle  of  the  tortoise's  heart  after  destruction  of  the 
musculature  around  the  aortic  ring;  (4)  in  simple  strips  from  the  tor- 
toise's ventricle,  from  the  apical  as  well  as  the  basal  regions,  and  (5) 
from  strips  cut  from  the  mammalian  ventricle.  When  isolated,  and 
changes  in  other  regions  prevented  from  modifying  the  curve  obtained, 
all  of  these  show  as  the  result  of  stimulation  and  a  sufficiently  sensitive 
galvanometer  two  sharply  marked  electrical  changes  —  first,  a  rapid 
raonophasic  or  diphasic  curve,  followed  by  a  much  slower  and  more 
prolonged  variation.  Figure  5  shows  the  curve  obtained  from  a  tortoise's 
heart  with  a  second  Stannius  ligature  and  quiescent  ventricle.  The  heart 
was  in  situ  and  the  leads  to  the  galvanometer  from  the  right  auricle  and 
ventricle.  Each  auricular  beat  shows  a  rapid  electrical  change  followed 
by  a  much  slower  variation  in  the  opposite  direction.  The  time  of 
auricular  contraction  is  marked  by  a  signal  (lowest  curve  of  record).  In 
this  particular  case  the  second  wave  is  opposite  in  direction  to  the  first 
and  might  be  considered  as  the  second  part  of  a  diphasic  variation. 
Opposed  to  this  interpretation  is  the  great  delay  between  the  two  move- 
ments, the  fact  that  the  first  wave  resembles  an  K,  the  second  a  T  wave, 
and  tliat  frequently  the  two  movements  are  in  theS  same  direction,  or  the 
first  may  be  clearly  diphasic  and  this  be  followed  after  a  time  by  a  slower 
monophasic  change.  Figure  6  sliows  a  T  wave  of  the  auricle  of  a  dog 
in  partial  auriculoventricular  block  resulting  from  a  toxic  dose  of 
morphin.^"  The  electrocardiogram  was  obtained  in  the  usual  way  from 
the  right  anterior  and  left  posterior  extremities.  Following  the  P  wave 
of  the  blocked  cycle  there  is  a  small  but  definite  prolonged  variation  in 
the  same  direction.  Figure  7  shows  a  small  T  wave  in  the  auricle  in 
partial  auriculoventricular  block  in  the  dog's  heart  arising  from  pressure 
on  the  region  of  the  auriculoventricular  node.  The  position  of  the 
auricular  T  is  marked  bv  an  X.     The  lowest  line  of  this  record  is  a 


57.  Eyster  and  Meek:   Heart,   1912,  iv,  59. 
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suspension  curve  of  the  right  auricle,  the  downstroke  representing  systole. 
The  heart  was  in  situ,  the  chest  opened  and  the  leads  to  the  galvanometer 
from  the  right  anterior  and  left  posterior  extremities.  This  wave 
occurred  regularly  in  all  cycles  where  the  conductionVas  blocked.  It  is 
evident  in  the  unblocked  c}'cles  that  the  development  of  this  wave  would 
be  impossible,  since  it  would  be  entirely  obscured  by  the  ventricular  R 
wave.  Figure  8  is  a  curve  obtained  from  a  dog  with  heart  in  situ  and 
leads  from  exposed  right  auricle  and  left  posterior  leg.  As  a  result  of 
stimulation  of  tlie  vagus  the  first  two  cycles  show  only  auricular  con- 
tractions. The  lowest  line  of  the  record  records  these  contractions. 
Each  beat  of  the  auricle  causes  a  rapid  diphasic  curve  followed  by  a  slow 
monophasic  curve.  In  tlie  third  cycle  the  auricular  contraction  is  fol- 
lowed by  a  systole  of  the  ventricle  and  a  diphasic  ventricular  curve 
obscures  the  formation  of  the  auricular  T  wave.^**  Pronounced  T  waves 
have  been  obtained  from  the  tortoise's  ventricle  after  complete  destruc- 
tion of  the  aortic  regions  and  from  strips  of  ventricular  muscle  cut  from 
various  regions  of  the  ventricle.  Figure  9  is  a  curve  obtained  from  a 
longitudinal  strip  of  ^entricular  muscle  not  including  any  of  the  region 
of  the  aortic  base.  Mechanical  stimulation  of  one  end  of  the  strip 
resulted  in  a  contraction  with  the  production  of  a  diphasic  curve  followed 
after  a  considerable  interval  by  a  slow  monophasic  curve.  Figure  10  is 
a  curve  from  a  strip  cut  from  the  apex  of  a  tortoise's  ventricle  and  stimu- 
lated mechanically.  The  galvanometer  was  very  sensitive  and  shows 
movements  that  carried  the  shadow  o3  the  record.  There  is  a  monophasic 
curve  followed  after  a  pause  of  over  one  and  a  half  seconds  by  another 
large  monophasic  change  in  the  opposite  direction.  Figure  11  is  from  a 
similar  strip  and  sliows  a  rapid  mono-  or  partially  diphasic  curve  with 
a  slower  change  in  the  same  direction  as  the  original  movement  of  the 
galvanometer  thread.  Figure  12  is  a  curve  from  a  strip  cut  crosswise 
from  the  mid-region  of  a  tortoise's  ventricle  and  stimulated  mechanically. 
There  is  an  initial  electrical  change  followed  by  a  slower  movement  in 
the  same  direction. 

To  explain  satisfactorily  these  curves  as  a  result  of  contraction  alone 
would  seem  to  be  impossible.  In  Figure  12,  for  example,  it  would  be 
necessary  on  such  an  assumption  to  suppose  that  the  contraction  began 
at  the  end  stimulated  and  spread  out  from  this  region,  and  that  after 
a  relatively  long  period  of  time  there  occurred  a  second  contraction 
following  the  same  course.  If  one  assum.es,  however,  that  the  two  elec- 
trical waves  actually  represent  two  different  processes,  conduction  of  the 
excitation  aiid  contraction  of  the  muscle,  the  second  following  the  first 
after  a  certain  interval,  the  interpretation  is  not  difficult. 


58.  Fif";.  1.3,  Plate  17  of  Samojloff's  paper"  shows  a  well  developed  auricular  T 
wave  in  auriculoventricular  block  from  vagus  stimulation.  The  author  makes 
no  reference  to  this  in  the  text. 
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Figure  13  is  a  curve  obtained  from  mechauical  stimulation  of  the 
ventricle  of  a  cat,  removed  from  the  body  and  suspended.  The  auricles 
and  whole  basal  region  of  the  ventricle,  including  the  region  of  the 
origin  of  the  aorta  and  pulmonary  artery,  were  cut  away.  The  lowest 
line  of  the  record  records  the  contraction.  It  will  be  seen  that  this  begins 
after  the  first  electrical  wave  is  completed  and  ends  coincidently  with 
the  termination  of  the  second  electrical  wave.  The  relation  of  the  con- 
traction to  the  two  waves  is  strikingly  like  the  relation  of  the  E  and  T 
waves  of  the  normal  electrocardiogram  to  mechanical  systole  of  the 
ventricles  as  discussed  in  a  preceding  section  of  this  paper. 

That  we  are  actually  dealing,  in  all  cases  considered  above,  with  a 
wave  similar  in  all  essential  details  to  the  T  wave  of  the  electrocardi- 
ogram is  indicated  on  several  grounds.    In  the  first  place  it  is  difficult  or 
impossible  to  interpret  the  curves  in  any  other  way.     In  the  second 
place,  the  wave  which  we  believe  to  be  the  T  wave  in  the  ventricular 
strips  shows  a  peculiarity  in  reference  to  its  form  which  was  first  noted 
by  Einthoven  as  characteristic  of  the  T  wave  of  the  electrocardiogram. 
The  T  wave  is  characterized  by  a  slow  rise  and  a  relatively  rapid  fall  and 
in  this  is  unique  among  physiological  curves.    Finally,  we  have  performed 
a  series  of  experiments  on  the  supposed  auricular  T  wave  of  the  tortoise's 
heart  which  show  it  to  undergo  variations  in  size  and  direction  under 
certain  experimental  conditions  which  have  been  shown  to  be  character- 
istic of  the  T  wave  of  the  electrocardiogram  of  the  ventricle.     These 
include  tlie  effect  of  vagus  stimulation  and  of  heat  and  cold  applied 
directly  to  the  heart.     Samojloff^^  has  analyzed  the  influence  of  vagus 
stimulation   on   the   electrocardiogram   of  the  frog's  heart  as  follows: 
Durins:  vasfus  stimulation  the  T  wave  of  the  ventricle  shows  a  decrease 
in  the  upward  direction  (when  the  leads  are  such  that  E  is  positive  in 
direction),  or  changes  from  a  positive  to  a  negative  T.     The  E  wave  is 
not  affected,  but  the  E-T  interval  is  shortened.     Following  the  stimula- 
tion the  T  gradually  returns  to  its  normal  direction  and  size  and  the 
E-T  interval  becomes  normal.    During  the  vagus  stimulation  the  T  does 
not  change  in  direction  abruptly  as  a  rule,  but  the  first  effect  is  usually 
that  along  with  the  decrease  of  the  T,  a  movement  in  the  opposite 
direction  begins  preceding  the  original  purely  positive  wave.     At  this 
time  the  T  is  really  diphasic  with  the  first  movement  in  the  opposite 
direction  to  the  original  wave.     Finally,  the  last  part  of  the  diphasic 
curve  disappears  and  the  T  is  represented  by  a  monophasic  curve  in  the 
opposite  direction  to  the  original  wave.    This  also  explains  why  the  E-T 
interval  is  shortened.    The  reverse  process  occurs  during  the  return  to 
normal  after  the  stimulation. 

Figure  14  shows  that  similar  changes  occur  in  the  T  wave  of  the 
auricle  as  a  result  of  vagus  stimulation  as  described  by  Samojloff  for 
the  T  wave  of  the  ventricle.     The  record  is  from  a  tortoise's  heart  in 
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which  the  ventricle  is  quiescent  as  a  result  of  a  second  Stannius  ligature. 
The  leads  to  the  galvanometer  were  from  the  right  auricle  and  basal  part 
of  the  quiescent  ventricle  and  are  connected  in  such  a  way  that  the  P 
wave  (which  for  convenience  of  description  ma)'  be  designated  here  as 
the  "-R"  wave  of  the  auricle)  is  directed  downward.  The  lowest  line  is 
the  contraction  curve  of  the  auricle  recorded  by  suspension.  It  is  evident 
here,  as  in  previous  records,  that  the  contraction  begins  after  the  "It"'  is 
completed  and  ends  near  the  end  of  T.  Stimulation  of  the  right  vagus 
was  begun  toward  the  end  of  the  second  cycle  shown  on  the  record,  and 
its  duration  is  indicated  by  the  small  oscillations  it  produces  in  the 
thread  of  the  galvanometer.  The  first  two  cycles  are  before  vagus 
stimulation  and  show  an  auricular  T  wave  in  the  same  direction  as  the 
P  (auricular  "R").  In  the  third  cycle  the  T  has  already  begun  to 
manifest  change  in  direction  as  a  result  of  vagus  stimulation,  while  the 
"E"  wave  is  unchanged.  In  the  fourth  cycle  the  change  is  complete. 
Following  the  stimulation,  the  first  few  beats  show  a  still  further  devel- 
opment of  this  change  with  a  marked  shortening  of  the  R-T  interval. 
The  condition  tends  to  pass  off  toward  the  end  of  the  record.  Figure  15 
shows  a  similar  result  to  a  less  marked  degree.  The  conditions  here  were 
the  same  as  in  the  preceding  experiment.  The  "R"  wave  is  diphasic. 
The  T  wave  before  stimulation  is  a  long  slow  change  opposite  in  direction 
to  the  initial  change  of  the  "R."'  Vagus  stimulation,  the  onset  and  dura- 
tion of  which  is  shown  by  the  effect  on  the  thread,  decreases  the  T  wave 
slightly  in  height  and  apparently  splits  it  into  two  parts.  The  "R"  is 
unchanged.  Figure  16  shows  the  transition  stages  in  the  change  of  the 
auricular  T  wave  as  described  by  Samojloff  for  the  ventricular  T.  The 
conditions  were  the  same  as  in  preceding  experiments.  Before  stimula- 
tion, the  T  wave  is  directed  downward  and  is  a  long,  slow  wave,  resem- 
bling the  T  of  Figure  15.  The  recording  apparatus  was  stopped  for'  a 
short  time  following  the  vagus  stimulation  and  during  the  recovery  a 
diphasic  T  wave  with  the  initial  change  in  the  opposite  direction  to  the 
original  T  is  apparent.  Tlie  onset  of  auricular  systole  in  this  record  is 
marked  by  a  signal. 

Straub-"  has  shown  that  in  the  frog  warming  the  heart  increased  the 
size  of  the  T  wave  of  the  ventricle,  while  cooling  the  ventricle  causes  the 
T  wave  to  become  small  or  negative.  "We  have  found  that  the  T  wave 
of  the  auricle  of  the  tortoise  behaves  similarly.  Figure  17  shows  the 
effect  of  application  of  cold  Ringer's  fluid  (4  C.)  to  the  exposed  heart 
of  the  tortoise.  The  ventricle  was  quiescent  as  a  result  of  a  second 
Stannius  ligature.  The  leads  to  the  galvanometer  were  from  the  right 
auricle  near  the  tip  and  the  base  of  the  quiescent  ventricle.  The  cold 
saline  solution  Avas  applied  after  the  third  cycle.  The  effect  is  a  prac- 
tically complete  abolition  of  the  T  wave  of  the  auricle.  The  P  wave  is 
also  reduced  and  shows  division.    Figure  18  is  from  a  similar  preparation 
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and  shows  the  effect  of  application  of  Einger's  solution  at  43  C.  The  T 
Avave  increases  in  size  from  10  to  20  millimeters.  The  effect  in  each  case 
passed  off  shortly  after  the  records  shown  and  the  condition  returned 
to  normal. 

In  a  recent  paper, ^°  in  which  we  have  attempted  to  trace  experi- 
mentally the  course  of  the  excitation  over  the  tortoise  heart,  we  have 
given  a  number  of  facts  which  we  believe  incompatible  with  Gotch's 
interpretation  of  the  T  wave.  The  excitation  in  its  spread  over  the  heart 
was  traced  by  means  of  the  action  current  recorded  by  leads  from  various 
points  on  the  surface  of  the  heart.  The  experiments  are  fully  described 
in  this  paper  and  only  certain  points  will  be  referred  to  here.  In  leads 
to  the  galvanometer  from  the  aortic  base  and  apex  of  the  ventricle,  the 
negativity  in  the  former  preceded  in  all  of  eighteen  experiments.  In 
eleven  of  these  the  T  wave  was  in  the  same  direction  as  the  initial  move- 
ment of  the  R  wave,  in  seven  it  was  in  the  opposite  direction.  It  is 
difficult  to  understand  on  Gotch's  view  how  the  T  wave  can  ever  be 
opposite  to  the  R  in  this  lead,  since  such  a  feature  would  imply,  on  his 
interpretation,  terminal  activity  of  the  apex.  In  the  experiments  of  this 
series  eighteen  different  leads  from  various  regions  of  the  heart  were 
compared.  In  twelve  of  these  leads  the  results  were  uniform  in  a  great 
majorit}'^  of  the  experiments  as  to  the  direction  of  the  initial  movement 
in  the  R  wave.  In  some  of  these  cases  the  R  was  monophasic,  in  others 
diphasic,  and  this  was  true  not  only  in  different  leads  in  the  same  heart, 
but  the  same  lead  in  different  hearts.  Marked  variability  was  present, 
however,  in  the  direction  of  the  T  wave.  The  variations  in  one  lead, 
the  aortic  base  and  apex,  are  given  above.  AYhile  in  most  leads  there 
was  a  distinct  majority  of  cases  in  which  the  T  wave  had  a  certain 
direction  in  relation  to  the  direction  of  the  R,  and  thus  a  more  or  less 
typical  curve  for  any  given  lead,  exceptions  were  always  present  and  in 
some  cases  the  T  was  in  the  opposite  or  in  the  same  direction  as  the  R  in 
about  an  equal  number  of  cases.  Certain  other  examples  of  this  besides 
the  aortic  base-apex  lead  may  be  given.  In  eighteen  left  anterior  base 
and  apex  leads  the  R  wave  in  all  eases  was  in  a  direction  indicating 
primary  negativitv'  of  the  base.  The  T  wave  was  in  the  same  direction  in 
twelve  cases,  in  the  opposite  direction  in  six.  In  the  lead  from  the  left 
and  right  posterior  ventricular  bases,  the  former  showed  initial  negativity 
in  eighteen  of  twenty-three  cases.  In  these  eighteen  cases  the  T  was  in 
the  same  direction  in  ten  cases;  in  the  opposite  direction  in  eight.  Many 
other  examples  could  be  given,  but  these  are  sufficient  to  illustrate  the 
fact  that  the  T  wave  in  the  same  leads  from  the  heart  may  vary  in 
direction  in  reference  to  the  R  to  a  marked  degree.  Two  hearts  which 
show  in  the  various  leads  exactly  the  same  sequence  of  activity  in  the 
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different  regions^,  as  indicated  by  the  direction  of  the  E  waves,  may  thus 
have  T  waves  in  the  opposite  direction.  If  the  T  wave  as  well  as  the  E 
is  to  be  referred  to  conduction  of  the  excitation  we  should  have  to  assume, 
therefore,  marked  differences  in  the  spread  of  the  excitation  in  these  two 
cases.  In  each  case  the  initial  course  of  the  impulse  as  shown  by  the 
sajne  direction  of  the  R  waves  is  the  same,  but  if  the  T  wave  is  involved 
in  the  interpretation  the  final  course  of  the  impulse  would  be  exactly 
opposite.  That  the  initial  course  should  be  so  constant,  while  the 
terminal  course  shows  such  marked  variations,  would  seem  very  improb- 
able. A  much  more  satisfactory  explanation,  and  one  more  in  accord 
with  other  known  facts,  is  to  assume  that  the  R  and  T  waves  represent 
different  phenomena.  The  former  we  believe  to  be  representatives  of 
the  spread  of  the  excitation,  the  latter  of  the  active  contraction  of  the 
muscle.  Since  the  spread  of  the  excitation  in  the  normal  heart  is 
probably  a  constant  factor,  the  R  wave  in  the  same  leads  from  different 
hearts  is  practically  constant  in  direction.  The  direction  that  the  T  wave 
assumes  in  relation  to  the  R  is  probably  determined  by  the  region  of 
the  ventricle  that  manifests  the  greatest  activity  in  the  contraction  or 
that  remains  contracted  for  the  longest  time.  Many  known  experimental 
influences  may  modify  the  extent  of  contraction  in  different  regions  of 
the  ventricle  and  such  modifications  probably  occur  as  a  result  of  the 
action  of  various  uncontrolled  factors  in  many  experiments,  particularly 
when  the  heart  is  exposed.  Whether  this  be  the  true  explanation  or  not, 
the  facts  stated  offer  other  examples  of  variations  in  the  direction  and 
character  of  the  T  wave  with  unchanged  R  wave  and  offer  additional 
support  to  the  view  that  these  two  waves  represent  essentially  different 
activities  in  the  heart. 

The  R  wave  Avith  leads  from  two  points  on  the  exposed  heart,  or 
from  two  ends  of  a  strip  of  cardiac  muscle,  may  be  either  monophasic 
or  diphasic.  The  same  lead  in  two  hearts  may  give  a  monophasic  R  in 
one  case  and  a  diphasic  R  in  the  other.  The  curve  obtained  in  the 
passage  of  an  excitation  over  a  muscle  between  two  electrodes  is  usually 
diphasic,  but  as  is  well  known,  monophasic  curves  are  not  infrequent. 
The  apparent  explanation  in  the  latter  case  is  that  the  activity  associated 
with  the  excitation,  while  spreading  to  the  second  electrode,  remains  pre- 
ponderant at  the  region  of  the  first  electrode. 

A  further  point  may  be  noted  in  reference  to  our  experiments  on  the 
exposed  heart  of  the  tortoise,  namely,  that  the  size  of  the  T  wave  is 
usually  greatest  when  one  or  both  of  the  electrodes  were  on  a  part  of 
the  heart  which  enters  into  strong  contraction.  The  smallest  T  waves 
were  obtained  from  leads  from  the  auriculoventricular  ring  where  con- 
traction is  verv  small. 
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We  shall  not  attempt  to  give  in  this  paper  a  review  of  the  rather  large 
literature  concerned  with  the  question  as  to  whether  conduction  and 
contraction  are  to  be  regarded  as  different  phenomena  in  skeletal  muscle. 
The  studies  of  v.  Brlicke"''  and  ISToyons,"  concerning  the  action  of 
asphyxia  on  the  relation  between  the  action  current  and  extent  of  con- 
traction would  seem  to  show  that  the  two  may  vary  independently.  The 
mere  fact  that  a  nerve  manifests  conduction  and  no  contraction  would 
suggest  the  possibility  of  the  independence  of  the  two  processes  in  muscle. 
The  experiments  of  Hoffmann  on  the  heart  in  which  contraction  was 
abolished  by  drugs  and  the  E  wave  imaffected,  have  been  referred  to  in 
detail.  Trendelenburg/-  in  a  recent  study  of  the  relation  between  the 
refractory  phase  of  the  heart  and  the  action  current,  finds  that  one  may 
be  made  to  vary  independently  of  the  other.  He  finds  also  in  standstill 
from  muscarin,  that  the  action  current  of  the  heart  may  be  very  little 
affected. 

The  normal  electrocardiogram  is  usually  described  as  showing  a  level 
phase  between  the  end  of  the  E  and  the  onset  of  the  T  wave,  explained, 
as  we  have  seen,  by  most  writers  as  due  to  simultaneous  contraction  of 
the  whole  musculature  of  the  ventricle  and  the  numerous  action  currents 
arising  neutralizing  one  another  so  as  to  give  no  demonstrable  difference 
in  potential.  This  explanation  has  been  objected  to  by  certain  writers 
(Eautenberg,  Eehfish)  on  the  theoretical  ground  that  such  a  perfect 
antagonism  could  not  be  expected  in  all  cases.  AVe  have  become  con- 
vinced by  a  study  of  our  electrocardiographic  curves,  as  well  as  those 
published  by  others,  that  the  normal  electrocardiogram  is  not  charac- 
terized by  a  period  of  equal  potential  between  base  and  apex  at  this  time. 
In  the  great  majority  of  records,  especially  when  the  galvanometer  is 
somewhat  more  sensitive  than  that  ordinarily  used  in  recording  electro- 
cardiograms from  man,  the  curve  shows  a  gradual  rise  following  the  end 
of  E  (or  S).  When  the  T  is  well  developed  the  curve  may  proceed 
upward  at  once  on  the  completion  of  the  E  without  any  evidence  what- 
ever of  a  horizontal  period.  Eecords  obtained  from  the  same  individual 
with  successive  increase  in  the  sensitiveness  of  the  galvanometer,  show 
that  the  apparently  horizontal  portion  of  the  electrocardiogram  dis- 
appears with  increase  in  delicacy  (Fig,  19).  The  condition,  therefore, 
Avhich  gives  rise  to  the  T  w^ave  is  actually  present  very  soon  after  the 
termination  of  the  E  wave.  It  may  reach  its  full  development  rapidly 
and  the  crest  of  T  be  reached  without  interruption,  or  at  first  it  may  be 
present  in  relatively  small  degree  and  develop  more  rapidly  toward  the 
end  of  systole. 
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THE    INTERPEETATIOX    OP    THE   XOEMAL   ELECTEOCAEDIOGRAM 

Our  own  experiments  and  a  review  of  the  literature  has  led  us  to 
agree  essentially  with  the  interpretation  of  Hoffmann,  that  the  normal 
electrocardiogram  is  the  expression  of  two  different  processes  occurring 
in  the  heart  muscle  during  its  activity,  namely,  the  spread  of  the 
excitation  and  the  mechanical  shortening  of  the  muscle.  The  facts  which 
v'jpeak  for  such  a  view  may  be  stated  briefly.  In  the  nerve  where  con- 
duction alone  is  present,  a  single  monophasic  or  diphasic  electric  response 
is  obtained.  In  skeletal  muscle  this  rapid  electrical  change  is  followed 
b}^  a  slower  and  more  prolonged  monophasic  variation.  These  two  elec- 
trical manifestations,  present  also  in  cardiac  muscle  from  all  parts  of 
the  ventricle  as  well  as  from  the  auricle,  may  vary  independently,  one 
may  be  abolished  and  the  other  persist,  or  either  may  change  in  size 
independently  of  the  other. 

The  electrocardiogram  as  obtained  in  the  usual  way  with  leads  from 
the  extremities  is  an  expression  of  those  two  processes.  In  the  usual 
electrocardiogram  there  is  no  electrical  expression  of  the  contraction  of 
the  auricle,  while  the  electrical  expression  of  the  ventricular  contraction 
is  evident  (T  wave).  This  is  due  to  the  fact  that  the  ventricle  contracts 
much  more  strongly,  but  especially  that  the  electric  wave  resulting  from 
this  contraction  is  not  obscured  by  any  process  of  conduction  occurring 
at  this  time.  The  auricles  during  their  contraction  as  well  as  the  ven- 
tricle develop  electrical  energy,  but  the  movement  of  the  galvanometer 
that  is  produced  is  ordinarily  obscured  by  the  wave  (R)  associated  with 
conduction  of  the  excitation  in  the  ventricle.  AVhen  such  conduction  is 
prevented  (auriculoventricular  heart  block,  isolated  auricles),  the  con- 
traction of  the  auricles  causes  a  definite  electrical  change  (T  wave  of  the 
auricle)  to  be  evident  on  the  electrocardiogram. 

The  P  wave  of  the  electrocardiogram  is  to  be  referred  to  passage  of 
the  excitation  from  the  point  of  origin  in  the  sinus  region  over  the 
auricle.  In  the  cold-blooded  heart,  where  the  activity  of  the  sinus  and 
of  the  auricle  are  separated  by  a  relatively  long  interval,  the  P  wave  is 
preceded,  when  the  galvanometer  is  sufficiently  sensitive,  by  a  wave  repre- 
senting the  passage  of  the  excitation  over  the  sinus.  In  the  mammalian 
heart,  on  the  other  hand,  where  the  sinus  is  closely  incorporated  with 
the  right  auricle,  while  its  activity  precedes  that  of  the  auricle  by  only 
a  very  short  period  (.03  second),  even  with  the  most  sensitive  gal- 
vanometer no  evidence  is  obtained  of  a  separate  activity  preceding  the 
P  wave.  There  may  be,  however,  a  division  of  the  P  wave  when  the  con- 
duction is  delayed  between  the  sinus  and  auricle  and  the  conditions 
approach  that  present  in  the  cold-blooded  heart.  Under  normal  con- 
ditions in  the  mammalian  heart,  however,  the  P  wave  is  due  in  part  to 
sinus  activity,  as  is  shown  by  comparative  measurement  between  the 
onset  of  sinus  activity  and  auricular  contraction,  on  the  one  hand,  and 
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of  the  P  wave  and  auricular  contraction  on  the  other  hand.  Whether 
or  not  the  passage  of  the  impulse  through  the  auriculoventricular  con- 
ductive system,  the  His  bundle  and  its  main  branches  to  the  right  and 
left  ventricle  enters  into  the  formation  of  the  E  wave,  is  not  clear  from 
our  present  knowledge.  Against  this  is  the  presence  of  an  E  wave  in  the 
cold-blooded  heart,  where  the  auriculoventricular  conduction  system  is 
less  specialized  and  in  conduction  between  any  parts  of  the  ventricle  or 
over  a  strip  of  heart  muscle.  It  is  also  extremely  difficult  to  explain  the 
Q  wave  on  this  assumption,  '\\niile  this  wave  may  perhaps  not  be  a 
feature  of  the  strictly  normal  electrocardiogram,  it  is  present  in  many 
cases,  and  must  be  explained  when  present.  HofEmann  does  not  commit 
himself  to  the  exact  portion  of  the  conducting  system  which  is  respon- 
sible for  the  E  wave.  IN'icolai  has  attempted  to  explain,  however,  in 
detail,  as  we  have  seen,  how  the  various  normal  modifications  in  the  E 
group  (Q,  E,  S)  may  occur  by  variations  in  the  distribution  of  the 
impulse  to  the  ventricle.  It  would  seem  that  more  experimental  knowl- 
edge is  necessary  before  we  will  be  in  a  position  to  state  exactly  what 
anatomical  structures  are  involved  in  this  interpretation.  We  believe  the 
evidence  is  sufficient  at  present  to  refer  the  E  group  mainly  or  exclusively 
to  the  process  of  conduction  of  the  excitation.  The  question  as  to  the 
exact  structures  involved  we  believe  to  be  capable  of  experimental  test 
and  we  hope  to  return  to  this  in  a  later  paper. 

TJie  T  wave  of  the  ventricle  in  the  normal  electrocardiogram  we 
believe  to  be  the  expression  of  preponderance  of  contraction  on  one  side 
of  the  line  of  equipotential.  Whether  this  wave  is  directed  in  the  same 
or  the  opposite  direction  to  the  E  wave  depends  on  a  balance  between  the 
action  current  produced  by  the  contracting  muscle  on  each  side  of  this 
line.  The  direction  of  the  T  wave  and  its  size  in  either  direction  would 
seem  to  depend  on  (1)  the  position  of  the  line  of  equipotential  in  rela- 
tion to  any  given  lead,  (2)  the  extent  of  contraction  of  the  ventricular 
muscle  as  a  whole  and  (3)  the  relative  degree  of  contraction  in  the  basal 
and  apical  regions  of  the  ventricle.  The  T  wave  is  essentially  a  mani- 
festation of  contraction  and  occurs  as  a  result  of  contraction  of  cardiac 
muscle  from  all  parts  of  the  heart.  Its  size  and  direction  in  the  electro- 
cardiogram is,  however,  modified  by  the  factors  named. 


BOOK  REVIEW 


A  Text  Book  of  Pathoix)gy  foe  Students  of  Medicine.  By  J.  George  Adami, 
M.A.,  M.D.,  F.R.S.,  and  John  McCrae,  M.D.,  M.R.C.P.  (Lond.),  illustrated 
with  304  engravings  and  11  colored  plates.  Lea  &  Febiger,  Philadelphia,  Pa., 
1912. 

The  task  of  preparing  this  book  in  one  volume,  which  was  evidently  set  on  the 
shoulders  of  the  authors  by  the  publishers,  is  no  small  one.  Dr.  Adami  and  Dr. 
McCrae  deserve  great  credit  for  having  constructed  out  of  the  large  text-book  a 
single  volume  of  so  much  merit.  For  it  is  not  merely  a  condensation  of  the  large 
treatise,  but  a  text-book  intended  for  a  somewhat  dififerent  purpose  and,  therefore, 
devised  accordingly.  An  attempt  has  been  made  to  present  the  student  with  the 
fundamental  framework  on  which  our  ideas  of  diseases  are  based,  and  in  doing 
this  time  and  space  have  been  devoted  rather  to  a  consideration  of  the  general 
pathological  processes  and  abnormal  disturbances  of  physiology,  than  to  minute 
and  accurate  descriptions  of  gross  anatomical  and  microscopical  lesions. 

It  follows,  therefore,  that  the  five  chapters  on  "General  Pathology"  lead  one 
almost  half  way  through  the  volume  of  some  700  pages.  The  plan  adhered  to  in 
the  treatment  of  this  section  follows  fairly  closely  that  of  the  large  volume. 
There  has  been,  however,  selection  as  well  as  condensation,  and  though  in  places 
the  text  would  seem  to  be  a  little  difficult  for  the  beginner  to  follow,  the  concise 
descriptions  are  in  the  main  clear,  and  to  the  point. 

It  seems  to  us,  too,  that  the  treatment  of  the  special  pathology  has  been  very 
deftly  arranged.  Manifestly,  it  is  impossible  in  a  book  of  this  size  to  furnish 
comprehensive  descriptions  of  anatomical  lesions,  and,  indeed,  a  good  illustration 
is  often  worth  pages  of  text.  Such  descriptions  have  therefore  been  relegated  to 
a  comparatively  unimportant  position,  though  of  course  mention  is  at  least  made 
of  all  departures  from  the  anatomical  normal.  An  excellent  feature  of  this  second 
part  is  a  concise  discussion  of  the  pathological  physiology  of  the  various  systemic 
diseases,  which,  after  all,  in  such  a  treatise  furnishes  the  student  with  a  readable 
and  fundamentally  correct  introduction  to  the  subject.  Thus  in  the  chapter  on 
special  pathology  of  the  blood  and  cardiovascular  system  about  fifty  pages  are 
devoted  broadly  to  pathological  physiology,  and  thirty  to  morbid  anatomy. 

The  introductory  discussions  to  the  chapters  on  diseases  of  the  respiratory  sys- 
tem, nervous  system  and  urinary  tract,  though  not  so  extensive,  are  also  good, 
and  to  be  greatly  commended.  The  same  method  might  have  been  carried  out  with 
perhaps  more  telling  effect  in  the  chapter  on  diseases  of  the  digestive  system,  and 
a  similar  discussion,  and  short  chapter  devoted  to  diseases  of  the  glands  of  internal 
secretion,  wouid  have  added  much  to  this  second  part. 

One  need  not  expect,  therefore,  to  find  in  this  book  more  than  an  outlined 
description  of  morbid  processes  per  se,  but  he  will  discover  a  discussion,  in  frame- 
work, of  active  pathological  processes,  which  serves  as  an  excellent  and  readable 
introduction  to  the  study  of  active  diseases.  Aside  from  the  fairly  numerous  half- 
tones, there  are  two  or  three  colored  plates  of  really  great  beauty. 
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OBSEEVATIONS   ON   THE    COMPLEMENT    FIXATION   TEST 
FOR    SYPHILIS    WITH    CADAVER    SERUM* 

RUSSELL  L.  CECIL,  M.D.,  and  ALBEET  R.  LAJSIB,  M.D. 
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The  question  of  the  reliability  of  the  Wassermann  reaction  as  applied 
to  post  mortem  sera,  is  an  important  one,  not  only  from  the  theoretical, 
but  also  from  the  practical  standpoint.  The  purpose  of  this  paper  is  to 
review  briefly  the  work  already  done  along  this  line,  and  to  report  our 
own  experiences  with  the  Noguchi  modification  of  the  Wassermann 
reaction  on  sera  obtained  after  death. 

The  literature  bearing  on  the  subject  is  nearly  all  German,  and  it  is 
therefore  in  that  country  that  there  has  arisen  the  most  discussion  and 
disagreement  as  to  the  value  of  the  reaction.  The  question  has  hardly  been 
touched  on  in  American  literature,  and  only  recently  in  the  English. 

It  was  only  two  years  after  Wassermann  made  public  his  test  that 
FrankeP  and  Much  (1908)  published  the  first  paper  on  this  reaction,  as 
applied  to  cadaver  serum.  They  used  several  varieties  of  antigen,  obtain- 
ing consistent  results  with  each.  Of  eighty-seven  cases  examined,  they 
found  thirty-seven  positive  (43.5  per  cent.).  The  positive  results  included 
five  cases  of  scarlet  fever.  They  concluded  that  the  test  was  reliable  and 
of  great  value  in  pathological  anatomy.  As  a  result  of  their  work  they 
considered  mesaortitis  certainly  luetic,  but  sclerosis  of  the  testicle  not 
always  so. 

A  paper  by  L.  Pick  and  Proskauer^  appeared  about  the  same  time. 
They  devoted  most  of  their  attention  to  cases  showing  some  anatomical 
evidence  of  lues.  Cases  of  benign  stricture  of  the  intestine,  sclerosis  of 
the  testicle,  smooth  atrophy  of  the  base  of  the  tongue,  aortitis,  etc.,  were 
studied,  and  the  conclusion  reached  that  the  test  was  a  valuable  asset  to 
pathological  diagnosis. 

In  the  same  year  Bruch^  came  out  against  the  reaction.  He  obtained 
fifty-nine  positive  reactions  in  101  cases,  among  them  a  considerable 


*Submitted  for  publication  in  The  Archives  Dec.  2,  1912. 
*From  the  Pathological  Laboratory  of  The  Presbyterian  Hospital,  Columbia 
University,  Nevt^  York. 
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number  in  which  there  was  no  evidence  of  lues.  He  concluded  that  the 
reaction  "ist  ein  liologisclie,  nicht  ein  cadaverische  phenomenon"  and 
that  it  was  unreliable  when  performed  with  post  mortem  specimens.  Two 
years  later  he  still  believed  that  the  test  could  never  become  reliable, 
because  the  error  was  not  one  of  technic,  but  of  serum  alteration.  He 
suggested  the  necessity  of  controlling  the  post  mortem  results  by  reactions 
done  during  life. 

In  1909,  Eeinhart*  reported  thirty-five  cases  in  which  the  results  of 
the  reactions  coincided  with  his  clinical  and  anatomical  findings.  The 
reaction  was  positive  in  his  cases  of  mesaortitis  and  sclerosis  of  the 
testicle. 

Lohlein'  published  two  papers  in  the  same  year  and  one  in  1910.  In 
all  he  covers  nearly  500  cases.  He  obtained  some  anomalous  negative  and 
positive  results.  He  admitted  that  there  was  a  source  of  error  some- 
where, and  was  inclined  to  refer  his  positive  reactions  in  cases  giving  no 
signs  of  lues,  to  this  unknown  error,  rather  than  to  latent  syphilis.  He 
thought  that  Bruch's  results  were  due  to  the  fact  that  the  serum  was  not 
collected  soon  enough  after  death,  a  suggestion  which  Bruch  partially 
accepted.  He  believed  that  only  those  cases  should  be  considered  positive 
in  which  there  was  complete  inhibition  of  hemolysis.  On  the  whole,  he 
considered  the  test  reliable  and  of  value  in  pathological  anatomy. 

At  the  meeting  of  the  German  Pathological  Society  in  Leipzig  in 
1909,  at  which  one  of  Lohlein's  papers  was  read,  Schlimpert®  expressed 
skepticism  as  to  the  value  of  the  test.  Wliile  acknowledging  its  specificity 
during  life,  he  did  not  believe  it  could  reach  the  same  importance  in 
cadavers.  He  reported  forty-five  positive  results  in  a  series  of  261  cases. 
Nine  of  the  positive  cases  gave  no  evidence  of  lues;  eight,  diagnosed  as 
progressive  paralysis,  lacked  anatomical  verification;  and  one  positive 
result  was  in  scarlet  fever.  He  acknowledged  the  possibility  of  latent 
syphilis  in  some  of  these  cases,  but  thought  that  cachectic  diseases  might 
sometimes  cause  a  binding  of  complement.  He  concluded  that  while  the 
test  was  of  high  theoretical  interest  to  the  pathologist,  it  could  attain  a 
position  of  only  limited  practical  significance  in  pathology. 

Swift*  examined  four  cadaver  sera  and  ten  spinal  fluids  from  cadavers 
by  both  the  Wassermann  and  the  Noguchi  methods,  and  obtained  better 
results  by  the  Wassermann  method.  No  anomalous  positive  reactions, 
however,  were  encountered  in  either  series. 


4.  Eeinhart:  Miinehen.  med.  Wchnschr.,  1909,  Ivi,  2092. 

5.  Lohlein:     Verhandl.  d.   deutsch.  path.  Gesellsch.,   1909,  xiii,  Tag.  p.  92; 
Fortschr.  d.  Med..  1909,  xxvii,  97;  Fol.  Serologica,  1910,  iv,  227. 

6.  Schlimpert:  Verhandl.  d.  deutsch.  path.  Ge.sellsch.,  1909,  xiii,  Tag.  p.  95. 
*  Swift:    The  Aechives  of  Int.  Med.,  1909,  iv,  376. 
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At  a  meeting  of  the  German  Pathological  Society  in  Erlangen  in 
1910,  Lucksch^  reported  a  series  of  300  cases,  50  per  cent,  of  which  were 
positive.  In  nineteen,  the  test  was  controlled  by  ante  mortem  examina- 
tions, and  in  each  instance  the  two  were  found  to  coincide.  He  believed 
that  a  pathologist  could  not  depend  alone  on  a  positive  reaction  for  the 
diagnosis  of  syphilis. 

In  the  discussion  following  Lucksch's  paper,  Lubarseh^  reported  fifty- 
five  positive  reactions  in  262  cases.  In  sixteen  of  these  there  was  no 
evidence  of  syphilis.  He  considered  the  reaction  valuable,  but  insisted  on 
the  use  of  several  antigens. 

SchmorP  strongly  urges  that  only  complete  inhibition  be  considered 
positive.  Marchand^"  agrees  with  Lohlein's  views,  and  Simmonds" 
believes  that  positive  results  in  non-specific  cases  are  due  to  severe 
cachexia,  sepsis,  etc. 

Veszpremii2  j-i^g  published  his  experience  in  131  cases.  Of  these, 
thirty-one  had  to  be  discarded  on  account  of  changes  in  the  sera  which 
rendered  them  unfit  for  use.  In  the  remaining  100  cases,  he  also  per- 
formed many  reactions  on  the  spinal,  pericardial,  pleural,  ascitic  and 
hydrocele  fluids.  Of  the  sera,  46  per  cent,  were  positive.  All  but  three 
of  these  agreed  with  the  anatomical  findings.  The  negative  cases  showed 
no  clinical  or  anatomical  evidence  of  syphilis.  He  gives  a  table  showing 
the  most  frequent  changes  found  in  cases  with  positive  reactions.  Mesaor- 
titis  ranks  first,  occurring  in  most  patients  over  40  years  of  age;  next, 
chronic  fibrous  meningitis.  In  simple  arteriosclerosis  the  reaction  was 
always  negative.  Mixed  cases  of  arteriosclerosis  and  mesaortitis  were 
most  often  found  in  later  years  (50  to  60),  and  gave  positive  reactions. 
In  part  he  controlled  his  reactions  by  ante  mortem  tests,  and  found  all 
in  agreement  excepting  one  case.  The  spinal  fluid  was  never  positive 
when  the  blood  was  negative,  but  in  twenty-three  of  thirty-nine  cases  the 
blood  was  positive  and  the  spinal  fluid  negative.  The  transudates  agreed 
with  the  blood  in  about  90  per  cent,  of  the  cases.  He  concludes  that  the 
Wassermann  reaction  can  afford  valuable  aid  in  the  solution  of  some 
contested  problems  in  pathological  anatomy.  Lucksch,  however,  in 
reviewing  this  work,  comes  to  a  less  favorable  conclusion. 

7.  Lucksch:  Miinchen.  med.  Wchnschr.,  1910,  Ivii,  1261;  Verhandl.  d.  deutsch. 
path.  Gesellsch.,  1910,  xiv,  Tag.  p.  249. 

8.  Lubarsch:  Verhandl.  der  deutsch.  path.  Gesellsch.,  1910,  xiv,  Tag.,  250. 
Discussion  by  Lucksch. 

9.  Schmorl:  Verhandl.  d.  deutsch.  path.  Gesellsch.,  1910,  xiv.  Tag.,  250.  Dis- 
cussion by  Lucksch. 

10.  Marchand:    Verhandl.  d.   deutsch.  path.   Gesellsch.,   1910,  xiv.  Tag.,  250. 
Discussion  by  Lucksch. 

11.  Simmonds:     Verhandl.  d.  deutsch.  path.  Gesellsch.,  1910,  xiv,  Tag.,  250. 
Discussion  by  Lucksch. 

12.  Veszpremi:     Centralbl.  f.  allg.  path.  u.  path.  Anat.,  1910,  xxi.  No.  5  p.  193. 
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Krefting^^  found  that  twenty-four  out  of  ninety-six  cases,  in  which 
syphilis  could  apparently  be  excluded,  were  positive.  In  another  publica- 
tion he  found  that  this  reaction  threw  valuable  light  on  the  cause  of  aortic 
insuiEciency,  the  results  of  the  tests  corresponding  almost  always  with 
the  post-mortem  findings. 

Seligman  and  Blume^*  reported  100  cases.  They  used  a  number  of 
antigens,  and  no  test  was  considered  positive  unless  there  was  complete 
inhibition  of  hemolysis  with  more  than  one  of  them.  Although  they  had 
a  few  discordant  results,  they  believed  that  the  test  was  to  be  depended 
on,  except  where  death  was  due  to  some  wasting  disease. 

De  Besche^^  obtained  positive  reactions  in  post  mortem  cases  of  tuber- 
culosis, pernicious  anemia  and  cancer.  His  natural  inference  was  that 
the  test  was  of  a  very  limited  value  with  cadaver  blood. 

Eich^^  investigated  the  problem  with  special  reference  to  mesaortitis. 
He  gave  a  favorable  verdict. 

Lubarsch^^  examined  623  sera,  of  which  seventy-nine  had  to  be  dis- 
carded. Of  the  remaining  544,  109  were  positive,  of  which  forty-one 
gave  no  trace  of  luetic  infection. 

Nauwerck  and  Weichert^*  had  to  discard  thirty-six  of  243  sera.  Of 
the  remainder,  fift3^-seven  were  positive.  They  considered  the  method 
trustworthy  and  useful  in  pathological  anatomy. 

In  October,  1911,  von  Werdt^^  gave  a  very  comprehensive  review  of 
the  whole  question,  with  a  full  bibliography  up  to  that  time.  He  investi- 
gated 329  cases.  Of  these  forty-seven  were  positive,  256  negative,  and 
the  rest  doubtful  or  unsuitable  for  use  on  account  of  post  mortem  change 
in  the  serum.  So  he  had  positive  reactions  in  ]5.5  per  cent,  of  303  cases, 
a  low  figure  compared  with  Brack's  58  per  cent.,  Lucksch's  46  per  cent., 
and  Veszpremi's  46  per  cent.  Of  the  forty-seven  positive  cases  there 
were  twenty-five  which  were  probably  not  syphlitic.  He  examined  many 
of  the  cases  microscopically  and  found  that  there  still  remained  a  toler- 
able number  of  anomalous  positive  reactions  after  every  means  had  been 
employed  to  discover  some  trace  of  syphilis.  He  concluded  that  if  only 
complete  inhibition  be  accepted  as  positive,  and  that  if  sera  from  patients 
with  cachectic  diseases  be  discarded,  the  reaction  was  dependable,  but  of 
restricted  value. 

In  March,  1912,  Candler  and  Mann^°  in  London  reported  on  their 
examinations  of  112  spinal  fluids  taken  post  mortem.    In  92  per  cent. 


13.  Krefting:  Norsk  Mag.  f.  laegevidensk  1910,  p.  65;  Deutsch.  med.  Wchnschr., 
1910,  xxxvi,  366;  cites  Centralbl.  f.  Path.  u.  path.  Anat.,  1910,  xxi,  354. 

14.  Seligman  and  Blume:   Berl.  klin.  Wchnschr,  1909,  xlvi,  116. 

15.  De  Besche:  Bed.  klin.  Wchnschr.,  1910,  xlvii,  1259. 

16.  Eich:   Frankfurter  Ztschr.  f.  Path.,  1911,  vii,  373. 

17.  Lubarsch:   Jahresb.  f.  aerztl.  Fortbild.,  1911,  i,  67. 

18.  Namverck:  Munchen.  med.  Wchnschr.,  1910,  Ivii,  2329. 

19.  Von  Werdt:  Cor.-Bl.  f.  schweiz.  Aerzte,  1911,  xli,  993. 

20.  Candler:  Brit.  Med.  Jour.,  1912,  i,  537. 
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of  these  the  blood-serum  was  also  investigated.  Of  the  112  eases  of  spinal 
fluid  twenty-five  were  positive.  All  of  the  positive  results  were  in  cases 
of  general  paralysis,  and  in  eight,  positive  reactions  had  been  obtained 
during  life.  Three  cases  did  not  agree  with  the  anatomical  and  clinical 
findings,  but  in  these  the  spinal  fiuid  was  altered.  They  therefore 
obtained  apparently  correct  results  in  98  per  cent,  of  the  cases  with  the 
sera.  They  observed  anomalous  positive  reactions  in  8.3  per  cent.  In  a 
case  of  general  paralysis  dying  of  terminal  streptococcus  meningitis,  the 
spinal  fluid  was  negative.  This  strain  of  streptococcus,  when  inoculated 
into  a  known  positive  spinal  fluid,  deprived  it  completely  of  inhibitory 
quality.  They  therefore  considered  this  the  cause  of  one  anomalous 
result. 

The  same  writers  bring  out  the  point  that  infected  or  decomposed 
spinal  fluids  may  not  only  give  a  positive  reaction  in  a  negative  case,  but 
that  under  the  same  circumstances  a  known  positive  case  may  be  made 
negative.  By  using  0.5  per  cent,  phenol  as  a  preservative,  they  obtained 
constant  results  over  a  period  of  several  months  with  the  same  specimen 
of  spinal  fluid.  They  concluded  that  the  test  is  a  very  helpful  one,  but 
not  so  reliable  as  during  life. 

Mcintosh  and  Fildes-^  in  their  book,  gave  a  very  concise  review  of 
the  question  up  to  1911.  They  believe  that  some  of  the  anomalous 
positive  reactions  are  probably  due  to  latent  syphilis.  As  they  consider 
post  mortem  sera  to  have  more  inherent  power  of  inhibition  than  serum 
from  living  cases,  they  advise  using  somewhat  less  antigen  than  usual, 
and  a  control  with  twice  the  normal  amount  of  serum  alone.  With  these 
reservations  they  consider  the  test  applicable  to  pathological  anatomy. 

In  1911,  Wolff ^^  of  Amsterdam,  published  a  paper  on  this  subject, 
which  was  especially  interesting  in  that  it  represented  the  first  serious 
attempt  to  really  discover  the  cause  of  the  anomalous  positive  cases. 
Other  investigators  had  attributed  them  to  latent  syphilis,  or  to  changes 
in  the  serum  which  they  did  not  attempt  to  explain.  He  attempted  to 
discover  the  nature  of  this  change.  He  was  led  to  do  this  by  his  very  bad 
preliminary  results  in  which  he  obtained  50  per  cent,  of  anomalous 
positive  reactions,  and  found  a  number  of  sera  unfit  for  use.  He  was 
working  under  unfavorable  conditions,  such  as  warm  weather,  lack  of 
cold  storage,  etc.  He  showed  that  these  anomalous  positive  sera  contain 
a  larger  quantity  of  inhibiting  substance  than  fresh  normal  sera.  He 
had  to  use  a  larger  quantity  of  complement  to  obtain  hemolysis  after 
these  sera  had  been  added  to  the  hemolytic  system  than  Avas  necessary 
with  normal  sera,  known  positive  luetic  sera  from  living  cases,  etc. 

He  then  found  that  by  adding  BaSo^  to  the  sera  (Wechselmann's 
modification  of  the  Wassermann  reaction),   this  inhibiting  substance 


21.  Mcintosh  and  Fildes:  Syphilis  from  the  Modern  Standpoint.    London,  1911. 

22.  Wolff:  Ztschr.  f.  Immunitatsforsch.,  Orig.,  1911,  xi,  154. 
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could  be  removed  without  otherwise  affecting  the  reaction.  It  also  made 
possible  the  use  of  some  sera  which  previously  had  to  be  discarded.  He 
investigated  260  cases  by  both  methods.  There  were  seventeen  positive 
cases,  six  of  which  gave  no  trace  of  syphilis.  In  thirty-three  further 
cases  in  which  syphilis  could  apparently  be  excluded,  he  obtained  positive 
reactions  by  the  original  Wassermann,  but  negative  results  after  the 
addition  of  barium  sulphate.  After  considerable  further  experimentation 
as  to  the  nature  of  this  inhibiting  substance,  he  decided  that  it  was  a 
lipoid,  different  from  the  substance  causing  the  specific  fixation  of  com- 
plement, but  similar  to  the  active  ingredient  of  luetic  liver  extract.  He 
believed  this  inhibiting  substance  could  be  removed  by  the  use  of  barium 
sulphate,  and  that  after  such  removal  the  test  was  of  value  in  pathological 
anatomy.    We  have  had  no  experience  with  this  method. 

From  this  review  of  previous  work  it  is  at  once  apparent  that  there 
is  still  a  considerable  difference  of  opinion  as  to  the  reliability  of  the 
test  in  pathological  work.  There  are  some  points  which  we  would  further 
emphasize.  In  the  first  place,  all  workers  have  met  with  sera  which  were 
unfit  for  use  and  had  to  be  discarded.  Of  course  this  makes  any  test 
impossible  in  such  cases,  and  thereby  imposes  one  restriction  on  the 
reaction  in  post  mortem  work.  This  condition  of  the  serum  is,  in  most 
cases,  due  to  the  time  which  has  elapsed  between  death  and  the  collection 
of  the  blood,  and  can  accordingly  be  avoided  in  most  cases  by  taking  the 
serum  sooner  post  mortem. 

The  limitation  imposed  by  infection  of  otherwise  good  serum  is  not 
one  which  affects  only  the  post  mortem  use  of  the  test,  for  it  is  equally 
applicable  to  sera  taken  during  life,  it  being  well  recognized  that  such- 
sera  give  unreliable  results.  The  anomalous  negative  results  have  not 
troubled  investigators  to  any  extent.  They  come  fairly  well  within  the 
range  of  similar  results  during  life.  In  fact,  the  one  great  difficulty  has 
been  to  explain  the  positive  results  in  cases  where  syphilis  could  not  be 
elicited  from  the  history,  or  proven  by  the  anatomical  findings.  All 
investigators  have  obtained  these  results.  Even  Wolff,  who  believed 
barium  sulphate  capable  of  removing  the  inhibitory  substance,  found  that 
it  did  not  do  so  in  all  cases.  These  anomalous  positive  reactions  have 
been  too  frequent  to  permit  of  much  faith  in  the  theory  of  latent  syphilis. 
While  a  few  investigators  have  been  distinctly  skeptical  as  to  the  value 
of  the  test  in  pathological  anatomy,  the  majority  have,  with  certain 
reservations,  considered  it  of  considerable  value. 

Our  own  series  of  fifty-six  cases  is  small,  However,  as  there  has  been 
no  interest  shown  in  this  phase  of  the  Wassermann  reaction  in  this 
countr}%  and  as  these  results  represent  the  first  reported  extensive  use  of 
the  Xoguchi  modification  of  the  Wassermann  reaction  for  this  purpose,  we 
believe  it  well  to  put  them  on  record. 
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The  cases  may  be  divided  into  two  groups  as  follows : 

1.  Positive  Eeactions:  Cases 

Syphilitic   aortitis    3 

Congenital   syphilis    2 

Cerebral  hemorrhage   1 

Total    6 

2.  Negative  Reactions: 

Acute  infectious  diseases    10 

Carcinoma    7 

Diabetes  mellitus    5 

Marasmus  5 

Chronic  diffuse  nephritis 4 

Chronic  endocarditis 4 

Tuberculosis   3 

Bullet  wounds   3 

Fractures    2 

Cirrhosis  of  liver 

Lymphatic  leukemia 

Aneurysm  of  thoracic  aorta 

Suppurative  arthritis 

Internal  hemorrhagic  pachymeningitis 

Duodenal  ulcer 

Sarcoma    

Total    50 

Of  the  six  positive  cases,  five  were  unquestionably  syphilitic,  as  shown 
by  the  histories  and  anatomical  findings.  The  remaining  case,  a  cerebral 
hemorrhage  in  a  boy  of  13,  was  quite  suggestive.  His  mother  had  had 
four  miscarriages.  At  the  autopsy,  an  extensive  hemorrhage  was  found 
in  the  right  temporal  lobe,  and  there  was  beginning  atheroma  of  the  arch 
of  the  aorta.  Many  large  microscopic  sections  of  the  brain  were  studied, 
but  they  failed  to  show  any  signs  of  a  glioma. 

The  histories  and  anatomical  findings  of  the  fifty  negative  cases  were 
also  carefully  studied.  In  forty-nine  there  was  no  evidence  of  any  kind 
to  suggest  syphilis.  The  remaining  case  deserves  a  little  more  considera- 
tion. It  was  a  case  of  a  large  aneurysm  of  the  thoracic  aorta  in  a  man 
52  years  old.  There  was  absolutely  no  history  of  syphilis.  He  was  under 
observation  at  the  hospital  over  a  period  of  three  years,  during  which  time 
three  separate  ISToguchi-Wassermann  reactions  were  found  negative  by 
three  different  observers.  There  was  nothing  found  macroscopically  or 
microscopically  at  the  autopsy  to  suggest  syphilis.  As  the  post  mortem 
reaction  agreed  with  the  three  taken  during  life,  it  would  seem  that  the 
results  were  perfectly  reliable.  In  eleven  of  our  cases,  the  reaction  had 
also  been  done  during  life,  and  tallied  in  every  case  with  the  post  mortem 
reaction.  This  method  of  controlling  the  reaction  is  the  surest  way  of 
deciding  on  the  reliability  of  the  test. 

Our  work  was  done  under  favorable  conditions.  All  but  six  of  the 
cases  were  from  the  pathological  department  of  the  Presbyterian  Hospital, 
where  it  was  quite  exceptional  to  have  the  body  more  than  twenty- four 
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hours  old  at  the  time  of  collecting  the  serum.  In  most  cases  it  was  taken 
within  a  few  hours  of  death,  and,  at  times,  while  the  body  was  still  warm. 
In  about  five  out  of  seven  cases  in  which  the  body  was  more  than  twenty- 
four  hours  old,  the  serum  had  to  be  inactivated.  The  sixth  case  requiring 
inactivation  was  one  of  measles,  and  the  other  was  the  case  of  thoracic 
aneurysm,  in  which  the  serum  was  eleven  days  old  at  the  time  the  test 
was  done. 

The  six  cases  which  did  not  come  from  the  Presbyterian  Hospital 
were  from  the  morgue  at  Bellevue  Hospital.  There  were  also  a  few 
cases  from  this  source  which  were  not  included  in  the  above  tables,  as  the 
sera  were  from  bodies  several  days  old  and  unfit  for  use.  The  blood  was 
transformed  from  its  normal  structure  into  a  thick  viscid  fluid,  from 
which  no  serum  could  be  separated  by  eentrifuging. 

In  most  of  our  cases  the  test  was  done  within  a  few  days  of  the  time 
when  the  blood  was  taken.  In  only  one  was  it  postponed  for  over  a  week, 
and  in  this  case  inactivation  was  necessary.  However,  in  this  connection, 
it  might  be  well  to  add  that  we  have  frequently  found  that  when  the 
active  serum  was  kept  on  ice,  it  gave  reliable  results,  even  after  two  weeks 
standing. 

In  this  work  we  have  used  the  acetone  insoluble  residue  of  an  alcoholic 
extract  of  human  heart  muscle  as  antigen.  Dr.  Noguchi  has  shown 
clearly  that  such  an  antigen  contains  less  anticomplementary  substance 
than  the  pure  alcoholic  extract.  As  practically  all  workers  are  agreed 
that  one  of  the  chief  difficulties  of  the  test  lies  in  the  increased  inhibitory 
power  of  cadaver  serum,  it  would  seem  particularly  desirable  in  post 
mortem  work  to  use  an  antigen  as  nearly  free  from  anticomplementary 
substance  as  possible. 

Most  of  the  German  workers  have  employed  alcoholic  extracts  of 
syphilitic  liver  as  antigen.  "We  know  of  no  previous  work  in  which  the 
acetone  insoluble  antigen  has  been  used,  Frankel  and  Much's  satisfactory 
results  were  obtained  with  an  alcoholic  extract  of  normal  liver.  Bruch 
thought  that  possibly  the  difference  between  his  results  and  those  of 
Lohlein  could  be  rectified  by  their  using  the  sam.e  antigen.  He  therefore 
substituted  an  aqueous  for  the  alcoholic  extract,  but  still  obtained  the 
same  unreliable  results.  Seligman  and  Blume  used  aqueous  and  alcoholic 
extracts  of  both  syphilitic  and  normal  livers.  We  believe  that  the 
acetone  insoluble  antigen  is  preferable  for  this  work,  and  that  its  use 
will  eliminate  many  of  the  discordant  positive  results. 

Another  factor  of  perhaps  greater  importance  is  the  condition  of  the 
serum.  As  we  have  seen,  in  some  cases,  usually  in  subjects  no  longer 
fresh,  the  test  cannot  be  done  at  all,  as  the  blood  has  been  transformed 
into  a  thick,  grumous  mass  from  which  no  serum  can  be  obtained.  In 
other  cases,  where  the  serum  separates  normally  from  the  clot,  it  is 
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nevertheless  infected,  and,  as  with  sera  from  living  subjects  under  similar 
circumstances,  the  results  are  not  dependable. 

There  is  still  another  class  of  cases  in  which  there  is  no  visible  change 
in  the  serum,  but  in  which,  nevertheless,  there  develops  anticomplemen- 
tary power  in  varying  degrees.  It  is  with  these  cases  that  investigators 
have  had  the  greatest  difficulty,  and  on  account  of  which  the  test  has 
been,  by  some,  condemned.  While  we  feel  confident  that  the  use  of  the 
acetone  insoluble  antigen  in  our  cases  has,  to  some  extent,  eliminated  the 
difficulties  inherent  in  these  sera,  we  believe  that  it  is  important  that 
more  work  be  done  to  determine  the  nature  of  this  inhibiting  substance. 
A  few  of  our  cases  needed  inactivation  on  this  account,  but  were  perfectly 
satisfactory  after  the  serum  had  been  heated.  In  this  small  series  of 
fifty-six  cases  our  results  have  been  most  satisfactory.  There  is  only  one 
possibly  anomalous  positive  result,  that  of  the  cerebral  hemorrhage  in  a 
boy  of  13  years.  From  our  experience  with  the  test  we  are  inclined  to  the 
belief  that  the  positive  result  in  this  case  is  strong  confirmatory  proof  of 
the  syphilitic  nature  of  his  disease. 

In  conclusion  we  may  say  that  in  the  testing  of  cadaver  blood — 

1.  The  use  of  the  acetone  insoluble  residue  of  alcoholic  antigen  is 
preferable  on  theoretical  and  practical  grounds,  to  the  pure  alcoholic  or 
aqueous  extracts,  for  the  reason  that  less  anticomplementary  substance  is 
introduced. 

2.  The  serum  to  be  tested  should  be  collected  from  the  cadaver  as 
soon  as  possible  after  death,  and  the  test  performed  at  the  earliest  possible 
date. 

3.  Infected  and  decomposed  serum,  from  either  the  cadaver  or  the 
living  subject,  is  not  suitable  for  the  complement  binding  test. 

4.  In  this  series  of  fifty-six  cases,  the  Noguchi  modification  of  the 
Wassermann  test  has  given  very  reliable  results. 
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BALTIMOBE 

Eenal  function  has  been  studied  in  fifty-seven  patients,  the  cases 
including  pure  nephritis,  cardiac  and  cardiorenal  diseases,  the  tests  used 
being  phenolsulphonephthalein,  lactose,  salt,  water,  potassium  iodid  and 
the  accumulation  in  the  blood  of  uncoagulable  nitrogen.  In  certain  cases, 
the  excretion  of  indigo  carmin  and  rosanilin  was  studied,  as  was  also  the 
glycosuria  following  the  injection  of  phloridzin.  It  became  apparent 
early  that  nothing  was  to  be  gained  from  the  continued  use  of  these  dyes, 
as  they  were  excreted  roughly  in  proportions  paralleling  the  excretion  of 
phthalein  and  both  much  more  slowly.  Moreover,  they  were  irritating 
to  the  patients.  The  use  of  indigo  carmin  was  discarded  also,  because  its 
colorimetric  properties  are  not  well  adapted  to  accurate  quantitative 
work.^  The  glycosuria  following  the  administration  of  phloridzin  seems 
to  bear  some  relation  to  the  excretion  of  lactose  under  similar  conditions, 
i.  e.,  glycosuria  is  prolonged.  Phloridzin  glycosuria,  however,  is  exceed- 
ingly variable  under  any  conditions  and  it  was  considered  more  advan- 
tageous to  use  only  lactose,  on  which  greater  reliance  can  be  placed. 

These  tests  were  used  with  the  following  objects  in  view:  (1)  To 
estimate  total  renal  function;  (2)  to  determine  the  absolute  and  relative 
value  of  these  tests  in  the  diagnosis  and  prognosis  of  renal  diseases;  (3) 
in  cardiorenal  disease  with  varying  degrees  of  chronic  passive  congestion 
and  nephritis,  to  determine  more  accurately  which  factor  is  of  greater 
importance  in  the  causation  of  the  clinical  picture  encountered;  (4)  to 
diagnosticate  the  presence  or  absence  of  impairment  of  renal  function  in 
cases  in  which  clinically  nephritis  is  suggested ;  ( 5 )  finall}^  to  determine 
whether  it  is  justifiable  to  draw  conclusions  relative  to  the  involvement 
of  the  vascular  or  tubular  functions  under  pathological  conditions.  In 
the  majority  of  cases  a  limited  number  of  tests  were  made.  It  is  hoped 
that  the  cases  will  be  followed  over  a  longer  period  of  time,  and  that 
repeated  tests  will  be  made  to  determine  the  progress  of  the  disease. 
Such  results  will  be  published  later. 


*SubiDitted  for  publication  Dec.  26,  1912. 

*From  the  Pharmacological  Laboratory  of  the  Johns  Hopkins  Medical  School 
and  from  the  Medical  Clinic  of  the  Johns  Hopkins  Hospital. 

1.  In  this  connection  we  agree  with  Oppenheimer    (Ztschr.   f.  Urol.,   1909, 
iii,  289),  and  disagree  with  Thomas  (Am.  Jour.  Med.  Sc,  1911,  cxlii,  376). 
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A  brief  outline  of  the  purpose  of  the  various  tests,  together  with  their 
technic,  is  given. 

Phenolsulphonephthalein  was  introduced  in  1910  as  a  functional  test 
by  Rowntree  and  Geraghty.^  It  is  a  drug  devoid  of  toxicity  and  is 
eliminated  almost  entirely  by  the  kidney.  In  health,  following  its  intra- 
muscular injection  (.006  gm.),  50  to  60  per  cent,  is  recovered  in  the  urine 
in  one  hour  and  from  60  to  80  per  cent,  in  two  hours. 

From  a  study  of  a  large  series  of  cases  including  acute  and  chronic 
parenchymatous  and  chronic  interstitial  nephritis,  and  uremia,  they  con- 
cluded that  where  there  was  a  marked  decrease  in  output,  marked  renal 
changes  were  present.  When  the  drug  was  continuously  excreted  in 
traces  or  not  at  all  a  grave  prognosis  was  to  be  given,  even  without  signs 
of  uremia.  The  test  proved  of  immense  value  in  revealing  the  degree  of 
destruction  of  renal  substance,  and  of  extreme  importance  in  the  estima- 
tion of  total  renal  function  for  diagnosis  and  prognosis. 

The  test  has  been  made  according  to  the  original  technic. 

TECHNIC 

Patients  were  injected  intramuscularly  with  1  c.c.  of  a  sterile  solution 
containing  0.006  gm.  of  the  drug.  Each  patient's  bladder  was  emptied  at 
the  end  of  one  hour  and  ten  minutes  and  at  the  end  of  two  hours  and  ten 
minutes.  The  urine  was  made  definitely  alkaline,  diluted  to  1  liter,  and 
the  amount  of  drug  present  determined  by  the  use  of  Eowntree  and 
Geraghty's^  modification  of  the  Autenrieth-Konigsberger  colorimeter. 

Lactose  Test. — Schlayer*  and  his  coworkers  have  studied  the  excretion 
of  lactose,  potassium  iodid,  salt  and  water  in  relation  to  renal  function 
in  experimental  tubular  and  vascular  nephritides,  and  in  nephritis  as 
exists  clinically. 

Lactose  was  shown  by  Voit^  to  be  excreted  quantitatively  by  the 
kidneys  following  its  subcutaneous  or  intravenous  administration.  De 
Bonis^  showed  that  it  was  well  excreted  by  the  glomeruli.  Schlayer 
therefore  adopted  the  time  required  for  its  elimination  as  a  means  of 
determining  the  vascular  functional  capacity  in  various  forms  of  experi- 
mental and  clinical  nephritis.  Since  it  is  a  substance  foreign  to  the  body, 
and  consequently  not  subjected  to  the  many  extra  renal  factors  which 
influence  the  excretion  of  water,  he  places  his  chief  reliance  on  it  as  a 
vascular  functional  test.  He  admits  that  its  excretion  is  delayed  in 
passive  congestion. 


2.  Rowntree  and  Geraghty:   Jour.  Pharm.  and  Exper.  Therap.,  1909,  i,  579. 

3.  Rowntree  and  Geraghty:     The  Archives  Int.  Med.,  1912,  ix,  284. 

4.  Schlayer  and  Takayasu:      Deiitsch.  Arch.  f.  klin.  Med.,   1910,  xcviii,   17; 
Schlayer:  ibid.,  1911,  cii,  311,  and  1911,  ci,  333. 

5.  Voit:   Deut.  Arch.  f.  klin.  Med.,  1897,  Iviii,  545. 

6.  De  Bonis:   Giorn.  intern,  d.  science  med.,  1907,  xxix,  446. 
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As  De  Bonis  did  not  claim  that  lactose  was  not  excreted  by  way  of 
the  tubules,  but  merely  that  it  was  well  excreted  by  the  glomeruli,  it 
seemed  advisable  to  study  more  closely  the  mechanism  of  its  excretion. 
As  shown  by  ISTussbaum'^  it  is  possible  by  excluding  the  glomerular  system 
to  obtain  a  urine  from  the  frog's  kidney  which  is  solely  due  to  tubular 
activity.  By  using  this  method  we  have  shown  in  another  publication 
that  the  tubules  in  the  absence  of  the  glomerular  system  are  capable  of 
excreting  lactose. 

From  a  repetition  of  Schlayer's  experimental  work,  from  our  own 
experience  with  lactose  clinically  as  a  functional  test  and  from  our  recent 
studies  of  its  behavior  in  experimental  chronic  passive  congestion,®  we 
feel  that  the  mechanism  of  its  excretion  differs  essentially  from  that  of 
phthalein,  salt,  indigo,  carmin,  etc.  In  these  studies,  therefore,  we  have 
considered  lactose,  as  did  Schlayer,  an  index  to  the  condition  of  the 
vascular  function  of  the  kidney,  admitting  that  we  need  much  more 
information  concerning  the  manner  and  significance  of  its  excretion. 

In  these  studies  lactose  has  been  prepared  and  injected  as  follows : 

Two  and  five-tenths  gm.  were  dissolved  in  25  c.c.  of  freshly  distilled  water 
placed  in  small  cotton  stoppered  Erlenmeyer  flasks  and  pasteurized  for  four  hours 
for  four  successive  days  at  75  to  80  C.  By  this  method  the  dose  injected  was 
slightly  over  2  gm.  in  20  c.c.  of  water.  A  fresh  solution  was  used  for  each  injec- 
tion and  given  according  to  the  usual  intravenous  technic.  Following  injection  no 
constitutional  disturbances  resulted  save  occasional  slight  headaches  or  malaise 
and  in  one  instance  a  severe  chill  and  fever  for  a  few  hours. 

The  normal  excretion  time  for  this  amount  is  four  to  six  hours.  The  urine 
was  collected  from  the  patients  four  hours  after  injection  and  every  hour  or  two 
hours  thereafter  to  twelve  hours.  Each  specimen  was  tested  by  Nylander's 
reagent,  using  the  same  amounts  of  urine,  solution,  and  length  of  time  for 
boiling.  In  addition,  in  our  earlier  studies,  polarimetric  readings  were  made  for 
total  amounts  of  sugar  regained.  Since  Schlayer  emphasized  the  time  required 
for  excretion  as  of  chief  importance,  more  recently  we  have  merely  determined 
this  except  where  only  traces  were  obtained. 

Salt  and  Water  Tests. — The  excretion  of  salt  following  its  adminis- 
tration in  amounts  greatly  in  excess  of  that  ordinarily  taken  with  the 
food,  is  accomplished  by  the  tubules,  according  to  Schlayer.  Normally 
large  amounts  of  salt  are  excreted  by  one  of  two  methods.  If  the  salt  is 
given  without  extra  water  it  is  almost  entirely  excreted  within  twenty- 
four  hours,  without  diuresis,  by  increased  concentration  in  the  urine;  if 
given  with  an  excess  of  water  it  is  excreted  partially  through  increased 
concentration  in  the  urine  and  partially  through  diuresis. 

Where  vascular  injury  to  the  kidney  exists,  tlie  administration  of 
salt  may  be  followed  by  a  marked  diuresis,  all  of  the  salt  being  smoothly 
excreted  in  twenty-four  hours  without  its  percentage  content  in  the  urine 


7.  Xussbaum:   Pfluger's  Arch.  f.  d.  ges.  Physiol.   1878,  xvi,  179;    1878,  xvii, 
580. 

8.  Rowntree,  Fitz  and  Geraghty:  Unpublished. 
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being  at  all  increased.  This  is  usually  associated  with  a  somewhat  low 
and  fixed  specific  gravity,  and  the  syndrome  is  spoken  of  by  Schlayer  as 
vascular  hyposthenuria.  Here  the  inability  to  concentrate  is  not  due  to 
any  incapacity  of  the  tubules  to  excrete  salt,  but  to  hypersensitive  vessels 
which  respond  to  the  salt  administration  with  diuresis.  In  more  severe 
vascular  injury  the  vessels  do  not  react  in  the  same  way,  oliguria  char- 
acterizing the  urinary  picture.  In  severe  tubular  destruction,  a  urine  of 
fixed  low  specific  gravity  is  obtained,  the  quantity  of  which  is  not  materi- 
ally affected  by  the  administration  of  salt  and  the  salt  content  of  which 
is  not  augmented  by  administration  of  extra  amounts  of  chlorids  because 
of  the  inability  of  the  tubules  to  excrete  it.  Such  a  condition  Schlayer 
calls  tubular  hyposthenuria. 

The  tests  were  performed  as  follows : 

At  the  beginning  of  each  study  the  patient  was  j.'ut  on  restricted  liquids  (2,000 
e.c.)  and  a  diet  low  in  chlorids.  A  few  cases  were  tried  on  salt-poor  diet,  e.g., 
2.4  gm.  per  diem,  but  it  was  found  that  immediateiy  following  this  extra  salt  was 
usually  poorly  excreted,  while  the  same  patients  on  a  diet  containing  more  salt, 
e.g.,  5  gm.  per  diem  later  responded  to  added  salt  normally.  The  salt  in  the 
diet  was  estimated  approximately  by  Locke's'  and  Brugsch's^"  tables.  The  urine 
was  measured  as  passed,  and  total  twenty-four  hour  specimens  collected.  The 
specific  gravity  was  taken,  and  daily  salt  analyses  made  by  the  Liitke-Martius" 
method.  When  the  salt  output  was  found  to  be  approximately  constant  for  two 
days,  in  suitable  cases,  a  salt  test  of  from  5  to  10  gm.  was  given.  In  this  way 
when  produced,  a  hyposthenuria  and  its  type  could  be  detected. 

Potassium  lodid  Test. — Potassium  iodid  was  one  of  the  first  sub- 
stances to  be  utilized  in  connection  with  functional  renal  studies,  being 
introduced  by  Duckworth^^  in  1867.  It  appears  quickly  in  the  urine 
following  its  administration  by  mouth,  Quetsch^^  stating  that  it  appears 
in  nine  to  eighteen  minutes  after  a  2  gm.  dose,  Eoux^*  thirteen  minutes 
after  a  3  gm.  dose,  and  Studeni'-^  thirteen  to  eighteen  minutes  after  a 
1  gm.  dose.  The  time  required  for  complete  elimination,  as  stated  by 
different  authors,  varies  markedly.  According  to  Geisler,^®  6  gm.  require 
twenty-five  hours;  Eoux,^*  5  gm.  require  thirty  hours;  Studeni,^^  1  gm. 
requires  thirty  to  thirty-six  hours,  Antem,^^  .5  gm.  requires  forty  hours, 
Schlayer  and  Takayasu^*  and  Monokow,^^  .5  gm,  requires  forty-eight 


9.  Locke:   Food  Values.     D.  Appleton  &  Co.,  1911. 

10.  Brugsch:  Diiltetik  innerer  Erkrankungen.    Berlin,  Julius  Springer,  1911. 

11.  Sahli:  Diagnostic  Methods,  1911,  p.  455. 

12.  Duckworth:    Saint   Bartholomew's   Hosp.   Rep.,   1867,   iii,   216. 

13.  Quetsch:   Berl.  klin.  Wchnschr.,   1884,  xxi,  353. 

14.  Roux:  Thfese  de  Paris,  1890,  No.  248.     Experiences  sur  I'elimination  des 
jodures  par  I'urine. 

15.  Studeni:    Untersuchungen  iiber  die  physiologische  Ausscheidung  der  jod 
Preparate  durch  den  menschlichen  Harn.     Dissert.,  Zurich,  1897. 

16.  Geisler:  Quoted  by  Anten.  (See  Note  17.) 

17.  Anten:  Arch.  f.  Pathol,  u.  Pharmacol.,  1902,  xlviii,  331. 

18.  Schlayer  and  Takayasu:     Deutsch.  Arch.  f.  klin.  Med.,  1911,  ci,  354. 

19.  Monokow:   Deutsch,  Arch.  f.  klin.  Med,   1911,  cii,  248. 
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hours.  Schlayer,  in  his  studies,  did  not  consider,  however,  anything  less 
than  sixty  hours  to  be  a  delayed  excretion  time  following  .5  gm.  by  mouth. 
We  have  accepted  this  as  a  standard. 

According  to  the  studies  of  Schlayer,  potassium  iodid  is  excreted  by 
the  tubules  of  the  kidney  and  on  it  he  has  placed  most  dependence  in 
determining  tubular  functional  capacity.  Anten^^  showed  that  the 
excretion  is  not  hastened  by  the  occurrence  of  diuresis.  It  has  been 
claimed  by  Schlayer  and  Takayasu  that  its  excretion  is  not  influenced  by 
chronic  passive  congestion  and  that  it  is  not  delayed  in  cases  of  cardiac 
decompensation,  characteristics  which,  if  true,  would  make  it  of  tremen- 
dous importance  in  differentiating  cases  of  pure  passive  congestion  of 
the  kidney  from  passive  congestion  associated  with  nephritis.  Our 
studies,^  however,  on  the  excretion  of  potassium  iodid  in  experimental 
chronic  passive  congestion  show  that  it  is  often  delayed  in  this  condition. 
We  feel,  therefore,  that  for  this  purpose  it  is  practically  valueless. 

Five-tenths  gm.  of  potassium  iodid  was  given  by  mouth.  Urine  was  collected 
at  the  end  of  forty-eight  hours  and  tested  every  four  hours  thereafter  until  no 
positive  Sandow's-"  test  could  be  obtained. 

Determination  of  the  Incoagulable  Nitrogen  of  the  Blood. — In  1821, 
Prevost  and  Dumas^^  found  after  extirpation  of  the  kidneys  an  increase 
in  the  urea  content  of  the  blood.  That  this  observation  was  of  impor- 
tance clinically  in  nephritis  was  recognized  by  Bright-^  in  1836.  Since 
then  many  investigations  have  been  made  with  the  object  of  using 
the  total  incoagulable  nitrogen  or  urea  as  a  guide  to  prognosis  and 
diagnosis. 

By  more  modern  technic,  Ascoli-^  Strauss-*  and  others  have  found  in 
severe  grades  of  nephritis,  the  nitrogen,  usually  though  not  invariably, 
increased,  the  increase  being  much  more  marked  toward  death.  Miiller^® 
believes  that  these  facts  in  outspoken  uremia  are  of  the  highest  value, 
while  von  Noorden,^*'  emphasizing  the  inconstancy  of  the  findings, 
admits  that  the  accumulation  of  nitrogen  constitutes  one  of  the  important 
phenomena  which  result  from  renal  insufficiency. 

Obermayer  and  Popper^^  have  found  that  cases  of  uremia  show  a 


20.  Sandow's  test  is  made  by  taking  30  c.c.  of  urine,  2  c.c.  of  2  per  cent,  sodium 
nitrite  solution  and  2  c.c.  of  dilute  sulphuric  acid,  adding  chloroform  and  shak- 
ing.    Purplish  or  violet  color  appears  in  the  chloroform  if  iodid  is  present. 

21.  Prevost  and  Dumas:  Quoted  by  Schundorff.  Pfluger's  Arch.  f.  d.  ges. 
PhvsioL,  1899,  Ixxiv,  307. 

"^22.  Bright:   Guy's  Hosp.  Eep.,  1836,  i,  358. 

23.  Ascoli:     Pfluger's  Arch.  f.  d.  ges.  Physiol.,  1901,  Ixxxvii,  103. 

24.  Strauss:  Die  chronische  Niercntzundungen  in  ihrer  Einwirkung  auf  die 
Blutfliissigkeit  und  deren  Behandlung.     Berlin,  1902,  Hirsehwald. 

25.  Miiller:  Verhandl.  der  deutsch.  path.  Gesellsch.,  1904-5,  vii-ix,  Ergan- 
zungsheft  80. 

26.  Von  Xoorden:   Metabolism  and  Practical  Medicine,  1907,  ii,  486. 

27.  Obermayer  and  Popper:  Ztschr.  f.  klin.  Med.,  1909,  Ixvii,  332. 
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much  higher  serum  incoagulable  nitrogen  content  than  do  normal  indi- 
viduals, or  cases  of  nephritis  without  uremia,  and  that  of  this  nitrogen, 
the  urea  fraction  increases  with  the  development  of  the  uremia.  Hohl- 
weg-^  points  out  the  importance  of  this  latter  observation,  agreeing  that 
though  increase  in  urea  is  not  specific  for  uremia,  the  demonstration  of 
its  presence  in  excessive  amounts  in  serum  affords  an  index  of  the  renal 
functional  capacity  and  thus  is  of  value  prognostically.  Widal,^^  from 
an  accumulation  of  his  own  observations  in  renal  insufficiency,  believes 
that  it  is  generally  possible  to  base  on  the  degree  of  urea  retention  an 
approximate  prognosis  as  to  length  of  life,  since  patients  persistently 
with  more  than  2  gm.  of  urea  per  liter  of  blood  can  usually  live  for 
only  months  or  weeks. 

In  attempting  to  choose  a  method  for  estimation  of  incoagulable 
nitrogen  or  urea  which  is  clinically  practical,  e.  g.,  simple,  rapid  and 
reasonably  accurate,  we  have  used  and  compared  the  following  tests  on 
blood  or  blood-serum : 

1.  Estimation  of  urea  in  blood  by  Widal's  method:  10  c.c.  of  blood  are  added 
to  115  c.c.  of  95  per  cent,  alcohol;  100  c.c.  of  the  filtrate  is  evaporated  to  dryness, 
and  the  residue  dissolved  in  the  least  possible  amount  of  water.  This  is  tested  for 
substances  decomposable  by  sodium  hypobromite  in  a  Doremus  ureometer.^"  The 
amount  determined  represents  that  found  in  8  c.c.  of  blood,  from  which  the  amount 
per  liter  is  calculated. 

2.  The  technic  is  the  same  as  above,  except  that  the  residue  following  the 
evaporation  of  the  filtrate  is  subjected  to  a  Kjeldahl's  nitrogen  determination. 
The  result  represents  that  found  in  8  c.c.  of  blood. 

3.  Estimation  of  total  incoagulable  nitrogen  in  serum  by  Morris'^^  modification 
of  the  Hohlweg  and  Meyer  method.  The  procedure  is  as  follows:  To  10  c.c.  of 
serum  in  a  300  c.c.  Erlenmeyer  flask  is  added  a  reagent  consisting  of  equal  parts 
of  1  per  cent,  acetic  acid  and  a  5  per  cent,  solution  of  monocalcium  phosphate 
until  the  reaction  is  acid  to  litmus  but  neutral  to  congo  red.  The  volume  is 
brought  up  with  distilled  water  to  80  c.c,  and  80  c.c.  of  saturated  sodium 
chlorid  solution  are  poured  into  the  flask.  The  mixture  is  boiled  to  precipitate 
the  coagulable  proteins,  and  the  filtrate,  from  which  the  proteins  have  been  shown 
to  be  completely  removed,  subjected  to  a  nitrogen  determination  by  Kjeldahl's 
method. 

In  a  number  of  instances  determinations  were  made  by  all  three 
methods.  The  two  latter  gave  nearly  similar  results.  It  was  found  that 
the  first  method  in  a  control  series  of  experiments,  adding  known 
amounts  of  urea  to  serum,  gave  an  error  of  from  10  to  60  per  cent.,  and 
therefore  as  a  quantitative  test  was  valueless. 

Blood  was  used  rather  than  serum  (save  in  cases  in  which  venesection 
was  made),  because  it  seemed  that  any  increase  of  value  prognostically 
would  appear  in  the  total  blood  as  well  as  in  serum.  In  the  majority  of 
cases  Method  2  has  been  used.    The  normal  figures  are  for  total  incoag- 


28.  Hohlweg:  Deutsch.  Arch.  f.  klin.  Med.,  1912,  civ,  216. 

29.  Widal:   Bull,  et  mgm.  d.  hop.,  Paris,  series  3,  1911,  xxxii,  627. 

30.  Widal  used  the  Yvonne  ureometer  for  this  purpose. 

31.  Morris:     The  Archives  Int.  Med.,  1911,  viii,  457. 
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ulable  nitrogen  .500  to  .600  gm.  per  liter,  and  for  urea  .300  to  .500  gm. 
per  liter  of  serum.^- 

In  the  present  state  of  our  knowledge  of  renal  diseases,  classification 
of  nephritis  is  difficult  and  unsatisfactory,  and  none  so  far  suggested  has 
met  with  universal  acceptance  or  approval.  Although  clinically  in  certain 
instances  it  is  possible  to  recognize  acute,  chronic  parenchymatous  or 
chronic  interstitial  nephritis,  the  autopsy  findings  repeatedly  reveal  proc- 
esses different  from  those  suggested  in  life.  The  internist  is  therefore 
inclined  to  confine  his  diagnosis  to  acute  or  to  chronic  nephritis;  but 
even  under  such  conditions  the  pathological  study  frequently  demon- 
strates the  presence  of  acute  or  chronic  changes  which  were  not  suggested 
by  the  clinical  study  or  history  of  the  case,  so  classification  on  clinical- 
pathological  grounds  alone  has  proven  unsatisfactory. 

From  his  studies  with  the  lactose,  water,  salt  and  iodid  tests,  Schlayer* 
has  attempted  to  divide  nephritis  from  a  purely  functional  point  of  view 

Table  1. — Cases  of 
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*It  is  a  question  whether  this  case  should  not  be  placed  in  Group  II.        fVariable.    JFew  hyaline  casts. 

into  four  groups,  e.  g.,  pure  vascular,  vasculo-tubular,  tubulo- vascular,  and 
pure  tubular  nephritis.  We  have  not  used  his  classification  because  we 
feel  that  it  is  open  to  serious  objections  on  the  following  grounds:  (1) 
Our  studies  have  led  us  to  the  conclusion  that  the  potassium  iodid  test 
as  used  by  him  and  on  which  he  has  placed  greatest  confidence  for 
information  regarding  tubular  functional  capacity,  is  unreliable.  (2)  He 
has  not  described,  nor  have  we  encountered,  any  clinical  cases  which  could 
be  justly  considered  pure  tubular  nephritis.  (3)  The  tests  used  cannot, 
we  believe,  determine  accurately  in  the  majority  of  cases  where  both 
systems  are  involved,  whether  the  tubular  or  vascular  injury  is  prepon- 
derant, (4)  Mild  passive  congestion  alone  will  in  many  instances  produce 
the  same  functional  picture  which  he  describes  as  characteristic  of  vas- 
cular nephritis.     Hence  a  combined  clinical  and  functional  study  is 


32.  The  technic  in  this  test  must  be  subjected  to  considerable  refinement  before 
conclusions  based  on  slightly  increased  values  (25  to  30  per  cent.)  can  be  drawn. 
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essential  in  order  to  differentiate  two  functionally  similar  but  clinically 
different  conditions.  (5)  Schlayer  has  purposely  not  considered  cases  in 
which  cardiac  involvement  was  present.  Since  chronic  nephritis  is  so 
commonly  associated  with  cardiac  or  cardiovascular  changes,  whether 
causally  or  incidentally,  we  feel  that  in  making  a  study  of  renal  function, 
this  group  of  cases  should  be  considered. 

Therefore,  attempting  to  correlate  clinical  and  pathological  findings 
with  the  results  of  functional  tests  as  simply  and  comprehensively  as 
possible,  the  cases  studied  have  been  divided  as  follows : 

Group  I. — Cases  clinically  suspected  of  nephritis^^  but  exhibiting  practically 
normal  renal  function. 

Group  II. — Cases  of  mild  nephritis  without  cardiac  decompensation. 

Group  III. — Cases  of  advanced  nephritis  witliout  cardiac  decompensation. 

Group  IV. — Cases  of  the  cardiac  decompensation  and  chronic  passive  conges- 
tion with  or  without  nephritis. 
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Patient  left  hospital  with  condition 
unchanged. 

§Occasional  casts. 


Besides  these  groups  we  have  studied  a  few  miscellaneous  cases  each 
of  which  will  be  described  in  detail  (Group  V). 


GEOUP  I 

It  is  seen  from  Table  1  that  in  these  cases  the  increased  salt  is  excreted 
normally  almost  completely  within  twenty-four  hours  through  an 
increased  concentration  in  the  urine.  The  specific  gravity  is  not  fixed. 
Lactose  and  iodid  are  excreted  in  normal  time,  the  phthalein  output  is 
not  decreased,  while  the  incoagulable  nitrogen  of  the  blood  is  within 
normal  limits. 

These  cases  are  of  interest  in  showing  the  value  of  such  studies  in 
renal  function  diagnostically.    A  brief  history  of  each  is  given. 


33.  The  clinical  diagnoses  recorded  in  the  accompanying  tables  were  taken 
from  the  Johns  Hopkins  Hospital  case  records. 
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No.  82,337.  Male,  57,  white,  married,  entered  the  hospital  with  the  following 
history: 

He  had  always  worked  hard  in  business,  with  considerable  worry.  His  habits 
were  excellent.  Three  years  before  admission  he  was  told  that  he  had  "diabetes." 
At  intervals  since  various  physicians  had  found  sugar  in  his  urine.  For  years 
he  had  noticed  slight  nycturia.  He  entered  the  hospital  because,  for  six  months, 
he  had  lost  weight  and  strength  and  had  been  growing  nervous. 

Physical  examination  was  negative  save  for  m.oderate  cardiac  hypertrophy, 
with  an  accentuated  aortic  second  sound,  and  a  soft  systolic  bruit  transmitted 
from  the  apex  to  axilla.  His  peripheral  vessels  showed  a  considerable  degree  of 
sclerosis.     His  blood-pressure  was  220. 

The  urine  showed  no  albumin  or  casts,  but  a  trace  of  sugar,  which  imme- 
diately  disappeared  under   slight  carbohydrate   restriction. 

In  brief,  his  was  a  case  in  which  nephritis  might  be  legitimately 
suspected,  and  if  existent,  to  determine  its  degree  would  be  of  essential 
importance  for  prognosis,  diagnosis  and  future  treatment.  Functional 
tests  showed  normal  renal  function,  hence  the  conclusion  that  his  symp- 
toms were  due  to  arteriosclerosis,  from  which,  so  far,  the  kidneys  had 
escaped  to  such  a  degree  that  function  was  not  disturbed. 

No.  82,437.  A  Russian  tailor,  43,  married,  was  admitted  with  the  following 
history: 

Eight  days  before  entry  he  had  suddenly  felt  dizzy  and  fallen.  Since,  he  had 
had  fever  and  sweating,  considerable  frontal  headache,  and  a  dry  cough  without 
sputum.     At  times  he  was  delirious,  at  times  in  stupor. 

Physical  examination  was  negative  save  for  a  few  fine  crackles  heard  in  both 
axillae  on  deep  inspiration,  absence  of  knee-jerks,  a  positive  Romberg's  sign,  and 
questionable  Babinski's.  On  the  right  there  was  a  marked  choked  disk ;  on  the 
left  were  scattered  hemorrhages  with  the  edges  of  the  disk  obliterated.  The 
blood-pressure  varied  between  110  and  170. 

The  urine  showed  a  trace  of  albumin  and  rare  casts.  There  was  a  temperature 
between  101  and  103  F. 

While  the  signs  and  s}Tnptoms  pointed  toward  an  intracerebral  lesion, 
it  was  of  utmost  importance  to  demonstrate  conclusively  the  entire 
absence  of  nephritis,  or  if  any  injury  to  renal  function  were  present,  that 
it  was  too  slight  to  be  responsible  for  the  symptom-complex.  From 
functional  studies  there  was  no  evidence  of  nephritis.  The  patient  grad- 
ually improved,  and  left  the  hospital  with  the  diagnosis  of  brain  abscess 
or  hemorrhagic  pachymeningitis. 

No.  83,410.  Boy,  17  years  old,  entered  the  hospital  with  a  diagnosis  of  "ortho- 
static albuminuria,"     His  mother  died  of  some  renal  disease. 

His  previous  illnesses  included  chicken-pox  and  measles.  Until  six  months 
previously  he  had  had  constant  "sore  throat"  wliich  was  relieved  by  tonsillectomy. 
His  habits  were  good. 

On  admission  he  complained  of  frequent  headaches,  vertigo,  nausea  and  vomit- 
ing of  ten  months'  duration. 

His  physical  examination  was  negative  except  for  distinctly  palpable  peripheral 
vessels.     His  blood-pressure  was  125  mm.  Hg. 

A  trace  of  albumin  was  found  in  tlie  urine,  intermittently,  but  no  blood-cells 
or  casts  were  seen. 
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As  indicated  in  the  accompanying  table  (Table  1),  his  renal  function 
was  practically  normal,  the  only  suggestion  of  disturbance  being  the 
slightest  delay  in  lactose  excretion  and  a  phthalein  output  slightly  under 
the  lower  limits  of  normal.  He  is  grouped  among  patients  with  normal 
function,  tentatively.  Eepeated  observations  in  such  cases  are  unques- 
tionably indicated,  and  it  is  hoped  that  further  reports  on  these  cases 
may  be  offered  later. 

GEOUP   II. — CASES   OF   MILD   NEPHRITIS 

Nephritis  in  this  group  of  cases  is  suggested  clinically  by  some 
increase  in  blood-pressure,  a  slight  cardiac  hypertrophy,  and  palpable 
peripheral  vessels,  while  albumin  and  casts  may  or  may  not  be  present  in 
the  urine.  Functionally,  the  phthalein  test  indicates  that  the  total  renal 
excretory  function  may  be  normal,  but  is  usually  slightly  decreased.  A 
delay  in  lactose  excretion,  however,  suggests  vascular  disturbance  of 
function  which  may  be  corroborated  by  the  associated  "vascular  hypos- 
thenuria'*' following  the  administration  of  salt.  The  specific  gravity 
may  or  may  not  be  fixed.  The  absolute  salt  excretion  as  well  as  that  of 
iodid  is  usually  normal.  There  is  slight  or  no  increase  in  the  urea  of 
the  blood. 

Opportunity  has  not  been  afforded  to  follow  any  one  of  these  cases 
over  a  prolonged  period  of  time,  but  it  appears  justifiable  to  suppose 
that  such  cases,  if  progressive,  develop  eventually  into  cases  either  of 
cardio-renal  disease,  or  of  marked  chronic  nephritis,  i.  e.,  Group  II  may 
pass  over  into  Group  III  or  Group  IV.  The  data  relative  to  these 
patients  is  presented  in  Table  2.     Two  characteristic  cases  are  quoted. 

Mr.  X,  aged  22,  student,  consulted  Dr.  F.  J.  Sladen,  resident  physician  of  the 
Johns  Hopkins  Hospital,  on  account  of  cardiac  palpitation.  Patient's  father  and 
uncle  had  died  of  nephritis.  His  previous  history  was  unimportant,  his  habits 
good.  Six  months  before  examination  patient  noticed  attacks  of  cardiac  palpita- 
tion. Physical  examination  revealed  a  slightly  enlarged  heart,  definitely  thickened 
peripheral  vessels,  an  occasional  extrasystole,  and  a  maximal  blood-pressure  vary- 
ing from  140  to  150  mm.  Hg.  The  urine  showed  at  times  the  faintest  trace  of 
albumin  but  no  casts  were  seen. 

Functional  studies  showed  normal  phthalein,  iodid  and  salt  excretion,  with  a 
markedly  delayed  lactose.     The  urea  of  the  serum  was  not  increased. 

No.  82,837.  Male,  55,  chemist,  entered  the  hospital  with  an  unimportant 
family  and  previous  history.  He  had  always  worked  hard  and  worried.  His  habits 
were  excellent. 

For  some  years  he  had  noted  nycturia,  polyuria  and  mild  attacks  of  nocturnal 
dyspnea.     For  one  month  he  had  felt  "weak"  and  dull. 

Physical  examination  showed  that  his  heart  was  enlarged  on  percussion,  with 
a  rather  heaving  impulse.  There  were  no  murmurs.  The  aortic  second  sound  was 
not  increased.  The  peripheral  vessels  were  thickened,  with  some  atheromatous 
patches,  and  were  tortuous.  The  fundi  oculorum  were  negative.  The  urine 
showed  no  albumin  or  casts.     The  systolic  blood-pressure  was  166. 

Functional  studies  showed  a  slightly  reduced  phthalein  (40  per  cent,  in  the 
first,  12  per  cent,  in  the  second  hour),  a  distinct  diuresis  following  the  increased 
ingestion  of  salt  and  a  slight  delay  in  lactose  excretion,  10  hours. 
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Clinically  these  cases  were  instances  of  arteriosclerosis,  but  from 
functional  studies  it  was  shown  that  the  total  renal  function  in  one,  as 
indicated  by  phthalein  excretion,  was  slightly  affected,  in  the  other 
normal;  the  delay  in  lactose  excretion  suggested  vascular  involvement, 
and  diuresis  in  response  to  salt  in  one  case  that  the  vessels  were  hyper- 
sensitive. On  the  whole,  these  were  cases  of  arteriosclerosis  in  which  it 
was  justifiable  to  assume  that  pathological  changes  had  occurred  in  the 
kidneys,  primarily  of  a  vascular  nature,  but  sufficient  to  interfere  to 
some  extent  with  some  phase  of  renal  function. 


GEOUP   III. — CASES   OF  ADVANCED  NEPHRITIS   WITH   BUT   SLIGHT 
CAEDIAC  INVOLVEMENT    (TABLE  3) 

As  already  suggested,  there  is  no  sharp  line  of  differentiation  between 
this  group  and  Group  IT,  since  in  chronic  cases  there  is  a  gradual  transi- 


Table  2. — Cases  of 


< 

Clinical  Diagnosis 

0) 

Sodium  Chlorid 

CO 

(I 

5 

d,  - 

02    O 

1— 1 

1— 1 

X 

22 

Arteriosclerosis,    nephritis 

1500 

1000 

9 

8 

.8 

1020 

10 

48 

82,931 

47 

Chronic  nephritis 

1220 

870 

5 

.74 

.20 

1015 

10 

48 

1140 

1200 

14 

3.6 

.30 

1010 

82,643 

24 

Chronic  nephritis 

1430 

800 

3 

3.3 

.43 

1012 

6 

40 

1140 

700 

9 

7.0 

1.00 

1023 

82,837 

55 

Chronic     nephritis,     arterio- 

1120 

1800 

7 

7 

.39 

1011 

10 

48 

sclerosis 

1360 

2170 

15 

13 

.59 

1012 

•Patients  all  left  the  hospital  with  improvement  of  symptoms.       fRare.       JAt  times. 

tion  from  the  early  stages  of  nephritis  into  this  group  or  Group  IV.  Our 
acute  cases,  without  doubt,  must  be  included  here  on  account  of  the 
results  obtained  by  functional  studies. 

In  this  group,  clinically,  there  was  evidence  of  marked  nephritis,  but 
none  of  cardiac  inefficiency.  The  changes  in  renal  function  are  therefore 
dependent  on  nephritis  and  not  on  chronic  passive  congestion. 

The  cases  varied  in  severity.  They  have  been  grouped  to  show,  as 
far  as  possible,  the  gradual  transition  from  nephritis  with  nearly  normal 
renal  function,  to  the  most  severe  grades  exhibiting  uremia  and  ending 
in  death. 

In  every  ease  the  excretion  of  water  was  either  relatively  or  absolutely 
increased  by  additional  salt,  with  three  exceptions,  and  in  only  one  was 
oliguria  encountered.     Certain  of  the  cases  were  not  given  additional 
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salt,  since  from  the  clinical  condition  it  seemed  contra-indicated.  In 
the  cases  tested,  as  a  rule,  salt  was  relatively  well  excreted  through  both 
increased  concentration  and  polyuria.  But  in  cases  of  the  most  advanced 
t3rpe  it  was  constantly  excreted  in  amounts  less  than  administered  and 
at  the  same  time  in  low  concentration.  The  specific  gravity  tended  to 
be  "fixed"  and  moderately  low,  except  in  one  case. 

Lactose  excretion  was  delayed  in  all  cases.  In  all  but  the  most 
extreme  cases  there  seemed  to  be  no  definite  relationship  between  the 
excretion  time  of  lactose,  the  severity  of  the  disease  clinically  and  the 
vascular  hypersensitiveness,  as  determined  by  response  to  salt. 

Potassium  iodid  excretion  was  delayed  in  the  severest  cases,  but  to 
an  equal  extent  in  two,  which  clinically  were  less  advanced.  Its  excretion 
time  did  not  seem  to  parallel  absolutely  the  phthalein  excretion  nor  the 
salt  concentration,  since  the  two  cases  in  which  the  iodid  was  most  slowly 


Mild  Nephritis* 


Phthalein 

Urinalysis 

02 

_r  o 

CO 

92 

Remarks 

1— ( 

Blcod 

o 

Ph 
M 

t5« 

60 

80 

t+ 

0 

0 

150 

.176 

No  cardiac  decompensation. 

.. 

62 

+ 

t 

130 

.700 

Patient  on  salt  poor  diet  for  a  long 
time.    No  cardiac  decompensation. 

sa 

51 

+  +  + 

•• 

+ 

130 

.275 

Received  lactose  intramuscularly. 
Amount  recovered  not  estimated. 
No  cardiac  decompensation. 

40 

52 

0 

•• 

0 

166 

.370 

No  cardiac  decompensation. 

excreted  increased  the  salt  concentration,  following  an  additional  5  gm. 
to  the  diet,  and  one  excreted  45  per  cent,  of  phthalein  in  three  hours. 

As  the  disease  became  more  advanced  the  excretion  of  phthalein  con- 
stantly diminished.  In  patients  with  uremia,  repeatedly,  it  was  excreted 
only  in  traces  or  not  at  all  for  the  two  hours  following  injection. 

The  total  incoagulable  nitrogen  and  urea  were  increased  in  those  cases 
which  clinically  and  functionally  had  the  most  severe  nephritis.  Unfortu- 
nately, in  one  of  the  patients  coming  to  autopsy  no  determination  was 
made. 

In  five  patients  no  lactose  was  recovered  within  twelve  hours.  Of  these 
the  four  which  were  tested  were  unable  to  excrete  salt  either  through 
increased  concentration  or  through  diuresis.  Two  showed  a  normal  iodid 
excretion  and  two  an  excretion  markedly  delayed;  four  excreted  only 


Table  3. — Cases   of  Chbonic  Nephbitis 


Clinical  Diagnosis 

3 

Sodium  Chlorid 

O 

0) 
03 

/-'   J" 

d<  - 

.    c 

m  o 

4) 

< 

P^ 

"s-i 

1— 1 

O 

a* 

O  1-1 
hi 

81,952 

42 

Chronic  nephritis  with  acute 

1380 

1145 

2.4 

3.80 

.32 

1012 

8 

48 

exacerbation. 

1380 

1065 

7.4 

8.17 

.76 

1024 

t 

82,917 

57 

Chronic     nephritis ;       mitral 

1220 

700 

4.00 

5.1 

.77 

1015 

12 

48 

stenosis 

1220 

675 

9.00 

7.4 

1.10 

1017 

Y 

45 

Chronic  nephritis 

1000 

920 

10 

9.2 

1  — 

1018 

10 

48 

81,091 

55 

Chronic  nephritis 

2640 
1960 

2400 
2260 

ioi2 

1016 

■"-6 

82,203 

45 

Chronic    nephritis ;    brain 

1200 

690 

2.4 

2.7 

.40 

1017 

12 -f 

48 

tumor 

800 

730 

7.4 

6.3 

.87 

1016 

82,020 

51 

Chronic     nephritis;      arterio- 

1640 

1350 

2.4 

1.4 

.11 

1013 

*6 

57 

sclerosis 

1360 

1300 

7.4 

3.00 

.22 

1014 

81,331 

8 

Acute  and  chronic  nephritis; 

860 

1000 

5.00 

3.00 

.30 

1010 

9 

40 

mitral  insufficiency ;  chronic 

480 

400 

3.00 

.89 

.28 

1015 

tonsillitis 

81,567 

51 

Chronic      nephritis ;      mitral 

1440 

960 

5  — 

5—6 

.59 

1020 

12 

insufficiency     and    myocar- 

900 

1460 

12  — 

13.5 

.93 

1017 

dial  insufficiency 

81,586 

34 

Chronic  nephritis 

2680 

2350 

9  — 

9.4 

.40 

1005 

17 

68 

3660 

3320 

12  — 

13.2 

.40 

1003 

81,541 

28 

Chronic  nephritis 

960 

2350 

8  — 

8.2 

.35 

1012 

12 

84 

1390 

1550 

4  — 

5.0 

.31 

1014 

81,813 

50 

Chronic  nephritis 

1060 

1500 

2.4 

1.5 

.10 

1012 

12+ 

96 

1160 

2400 

7.4 

5.5 

.23 

1010 

80,891 

24 

Chronic     nephritis ;     typhoid 

1660 

2030 

10  — 

12  — 

.60 

1009 

10 

48 

fever      with      hemorrhages 

1980 

1860 

8  — 

8  — 

.42 

1012 

from  bowel  and  nose. 

Pyelitis;    urethritis 

2000 

1650 

5  — 

7  — 

.42 

1006 

0 

48 

2000 

1700 

10  — 

6.8 

.40 

1006 

82,358 

52 

Myocardial   insufficiency;    ar- 
teriosclerosis ;       chronic 
nephritis;    uremia. 

0 

48 

81,578 

50 

Chronic    nephritis ;     uremia ; 

920 

1640 

8  — 

3  — 

.18 

1012 

0 

72 

arteriosclerosis 

1290 

1225 

5  — 

2  — 

.16 

1015 

90,899 

04 

Chronic     nephritis;     arterio- 

940 

1050 

7  — 

2.7 

.26 

1016 

0 

72 

sclerosis;     myocardial     in- 

1110 

1100 

5  — 

2.8 

.26 

1012 

sufficiency;   uremia 

81,667 

43 

Acute    nephritis;     ulcerative 

1000 

580 

1  — 

.87 

.15 

1012 

0 

endocarditis 

1000 

760 

1  — 

1.60 

.21 

1009 

*In  one  of  these  cases  only  a  trace  of  lactose  was  recovered  during  these  six  hours.     Where  no  quanti 
present  only  in  traces  within  the  six  hours  and  later  not  at  all.  fTrace.         JThree  hours.         §Rare. 


Without  Cabdiao  Decompensation 


Phthalein 

Urinalysis 

^ 

Si  c 

03 

^ 

Blood 

00 

1/3 

Remarks 

l-H 

(M 

< 

O 

pq 

"A'" 

H^ 

15 

45 

+ 

+ 

+ 

180— 
140 

.600 

.500 

Left  hospital  improved. 

42 

+ 

+ 

180 

.850 

Left  hospital  improved. 

25 

40 

208— 
140 

l!3 

.800 

Untreated. 

38 

0 

0 

0 

170 



.300 

The  amount  of  lactose  recovered  not 
determined  quantitatively.  Un- 
treated in  hospital. 

37 

+ 

+ 

270 

.600 

Left  hospital  improved. 

37 

+ 

0 

+ 

190— 
160 

.728 

.600 

The  amount  of  lactose  recovered  not 
determined  quantitatively.  Left 
hospital  improved. 

8 

34— 

+  + 

+ 

+ 

80— 
140 

Phthalein  repeated  in  8  weeks  showed 
10  per  cent,  for  1  hour;  30  per 
cent,  for  2  hours.  Left  hospital 
improved. 

24 

35 

+  + 

+ 

260— 
190 



.300 

Heart  compensated.  Left  hospital 
improved. 

17 

27 

+ 

§ 

+ 

240 

.400 

Left  hospital  improved.  Died  six 
months  later.     No  autopsy. 

t 

45% 
t 

+ 

4- 

+ 

200— 
130 

.400 

Patient  had  edema.  Left  hospital 
unimproved. 

5 

7 

+ 

+ 

210— 
160 

Left  hospital  improved. 

5 

10 

+ 

+ 

160 

.500 

Second  test  two  months  after  the 
first.  Left  hospital  improved. 

t 

io 

+ 
+ 

+ 
+ 

1  4 

t 

230— 

i.85 

At  the  time  of  test  heart  was  com- 

270 

pensated.  Left  hospital  unim- 
proved. 

0 

0 

+  + 

+ 

ISO- 
ISO 

.500 

Urea  was  determined  8  weeks  later 
and  was  1.40.  Repeated  phthalein 
test  showed  always  traces  for  2 
hours.  Patient  died  in  uremia.  No 
autopsy. 

0 

0 

+ 

0 

+ 

230 

When  test  made  heart  was  reconi- 
pensated.  Two  months  earlier 
phtlialein  was  13  per  cent,  for  2 
hours.  Autopsy  3664.  Chronic  dif- 
fuse nephritis  with  an  acute  ex- 
acerbation. 

t 

+ 

-1- 

+ 

110 

1.20 

Autopsy  3681.  Acute  ulcerative  endo- 
carditis. Acute  diffuse  nephritis. 
Healing  kidney  infarcts. 

tative  study  has  been  made  an  excretion  period  of  six   hours   may  be   misleading   since   lactose    may   be 
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traces  of  phtbalein,  the  other,  10  per  cent.,  for  two  hours.  In  four  the 
incoagulable  nitrogen  or  urea  was  markedly  increased.  In  the  fifth  it 
was  not  tested.  The  three  patients  with  lowest  phthalein  died,  two  in 
uremia  within  a  few  weeks,  and  one  immediately  with  acute  nephritis. 
The  others  have  not  been  heard  from. 

The  histories  of  a  few  characteristic  cases  are  given. 

No.  81,952.     Housewife,  aged  42,  entered  with  the  following  history: 

Her  previous  history  was  unimportant  save  tliat  three  years  before  she  had 
Leen  in  the  hospital  for  three  weeks  with  acute  and  chronic  nephritis.  Since  then 
she  had  suffered  from  mild  nycturia,  precordial  distress  on  exertion,  and  occa- 
sionally from  headache. 

Two  weeks  before  entry  edema  suddenly  developed,  associated  with  severe 
vomiting.     The  urine  became  scanty  and  cloudy. 

Physical  examination  showed  a  markedly  hypertrophied  heart.  The  aortic 
second  sound  was  ringing,  no  murmurs  heard.  There  was  marked  sclerosis  of 
peripheral  vessels  and  slight  edema  of  the  legs  but  no  general  anasarca  or  fluid 
in  the  serous  cavities.  The  blood-pressure  was  180.  Urine  at  first  was  smoky, 
with  blood,  albumin  and  casts.  Under  rest  this  cleared  up,  leaving  a  slight  trace 
of  albumin  and  a  few  casts. 

Her  functional  studies  showed  only  a  trace  of  lactose  excreted  in  eight  hours, 
though  iodid  and  salt  were  normal.  That  total  function  was  affected  was  shown 
by  a  lowered  phthalein  output  (15  per  cent,  for  one  hour;  45  per  cent  for  two 
hours).  The  urea  in  the  blood  was  not  increased.  Hence  functionally  as  well  as 
clinically  she  had  well  marked  renal  involvement  which  was  not  of  great  imme- 
diate significance.  In  the  hospital  her  symptoms  disappeared  and  she  left  much 
relieved. 

No.  80,891.  Laborer,  aged  24.  For  several  years  he  had  been  bothered  by 
nycturia;  otherwise  was  always  well. 

Three  weeks  before  entry  he  had  been  sick  with  fever,  anorexia  and  nausea. 

Physical  examination  was  negative  save  for  a  faint  systolic  murmur  at  the 
apex  of  the  heart  not  transmitted  to  the  axilla.  The  peripheral  vessels  were 
readily  palpable.  The  blood-pressure  was  slightly  increased  (140  to  160).  The 
urine  contained  traces  of  albumin  and  a  few  casts. 

The  typhoid  bacillus  was  obtained  from  blood-culture.  The  Widal  reaction 
became  positive. 

The  patient  ran  a  severe  and  protracted  course  or  fever,  which  was  complicated 
by  hemorrhages  from  the  nose  and  bowel,  reducing  his  hemoglobin  to  18  per  cent. 

Eight  weeks  after  entry  hi&  renal  function  was  tested.  It  was  found  that  the 
patient  had  a  constant  polyuria  and  "hyposthenurio/'  with  salt  normally  excreted 
as  to  concentration  and  absolute  amount.  Lactose  was  excreted  in  ten  hours,  and 
10  per  cent,  of  phthalein  in  two  hours.  The  potassium  iodid  was  excreted  nor- 
mally; there  was  no  nitrogen  increase  in  the  blood.  From  the  lactose  and 
phthalein  tests,  evidently  the  patient  had  a  severe  nephritis. 

A  week  later  the  temperature,  which  had  been  normal  for  ten  days,  suddenly 
rose  and  ran  an  irregular  course  for  several  days.  A  pure  culture  of  typhoid 
bacilli  was  grown  from  the  urine. 

Six  weeks  later  the  patient  had  a  severe  attuck  of  pain  in  the  right  flank, 
with  vomiting  and  fever.  This  subsided  and  was  followed  by  an  abundance  of  pus 
in  the  urine,  disappearing  in  a  few  days. 

The  tests  for  renal  function  were  repeated.  It  was  found  that  iodid  was 
excreted  normally;  salt,  however,  was  retained,  v/ith  no  change  in  concentration 
on  the  addition  of  5  gm.  Lactose  was  not  recovered  at  all,  and  phthalein  only 
in  traces  two  hours  after  injection.  The  urea  of  the  blood  had  trebled.  Func- 
tionally his  condition  had  grown  markedly  worse,  confirmed  clinically. 
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Two  weeks  following  the  attack  described  the  patient  had  another  similar  one 
but  more  severe,  which  was  accompanied  by  delirium,  fever  and  marked  abdominal 
pain  localizing  in  the  region  of  the  right  kidney.  This  again  subsided,  accom- 
panied by  pyuria. 

Ureteral  catheterization  was  performed.  Clear  urme  was  obtained  from  both 
sides.     Cultures  from  the  right  side  showed  the  typhoid  bacillus. 

Finally,  five  weeks  after  the  first  attack  of  pain,  the  patient  had  a  third 
similar  one.  It  seemed  advisable  to  operate.  The  kidney  was  exposed  under 
ether  and  incised,  but  no  recognizable  pus  was  obtained.  The  patient  improved 
rapidly,  and  was  discharged  in  excellent  condition.     Unfortunately  he  has  not 

been  heard  from  since.  x  n  iu  j.  i,    t,    i 

No.  90,899.  Laborer,  aged  64.  Three  years  previously  he  was  told  that  he  had 
nephritis.     Since  then  he  had  noticed  nyctiiria  and  polyuria. 

One  month  before  entry  he  began  to  lose  weight  rapidly  and  become  easily 
tired.  Constant  headache  developed,  and  very  recently  shortness  of  breath.  He 
noticed  swelling  in  his  feet  for  the  first  time  at  entry. 

His  physical  examination  revealed  an  enlarged  area  of  cardiac  dulness,  with 
gaPop  rhythm  at  the  apex,  and  a  soft  systolic  blow  over  the  aortic  area.  The 
aortic  second  sound  was  sharply  accentuated.  The  peripheral  vessels  were 
markedly  thickened  and  tortuous.  The  fundi  were  normal.  There  was  slight 
edema  of  the  extremities.  The  blood  pressure  was  190  to  230.  The  urme  showed 
much  albumin  and  many  casts.     The  phthalein  was  13.6  per  cent,  for  two  hours. 

Under  observation  and  rest  the  edema  disappeared,  and  the  heart  practically 
rec^ained  compensation.  The  general  condition  grew  worse,  however.  Six  weeks 
after  the  first  test,  functional  tests  were  again  made,  showing  only  traces  of 
phthalein  excretion  in  two  hours,  no  lactose  in  twelve  hours  and  a  delayed  excre- 
tion of  iodid  and  salt.  The  patient  died  in  typical  uremia.  The  diagnosis  of 
nephritis  was  confirmed  at  autopsy. 

Thus  in  cases  of  pure  nephritis  these  tests  are  of  value  diagnostically 
in  determining  impairment  of  renal  function,  when  clinically  it  is  merely 
suspected.  They  are  of  value  prognostically,  for  by  repetition,  especially 
of  the  phthalein  test,  it  is  possible  to  determine  whether  the  disease  is 
progressing,  remaining  stationary  or  subsiding.  Moreover,  patients  with 
nephritis  who  continue  to  be  unable  to  excrete  phthalein,  or  lactose,  and 
who  show  marked  difficulty  in  excreting  iodid  and  salt,  usually  die  within 
a  short  time.  Marked  increase  of  the  incoagulable  nitrogen  of  the  blood 
may  afford  additional  positive  evidence  as  to  the  severity  of  the  disease. 

GROUP   IV.— CASES   OP   CHEONIC   PASSIVE   CONGESTION   WITH   OR   WITHOUT 
ASSOCIATED  NEPHRITIS    (TABLE  4) 

The  majority  of  our  patients  fall  into  this  group.  In  so  classifying 
them,  a  consideration  of  both  clinical  findings  and  functional  studies  is 
necessary  in  order  to  determine  the  relative  responsibility  of  the  heart 
and  of  the  kidney  for  the  existence  of  the  symptom-complex.  In  this 
connection  repetition  of  the  tests  is  almost  invariably  necessary.  One 
series  of  functional  tests  cannot  always  differentiate  between  the  existence 
of  nephritis  or  of  chronic  passive  congestion.  Experimentally,^  it  has 
been  shown  that  in  moderate  degrees  of  passive  congestion,  as  in  neph- 
ritis, the  excretion  of  lactose,  iodid  and  salt  may  be  interfered  with.  The 
excretion  of  phthalein  may  be  normal,  but  if  the  congestion  is  extreme,  it 


Table  4. — Cases  of  Cabdiac  Decompensation  and  Chronic 
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Clinical  Diagnosis 


Chronic  nephritis;  arterio- 
sclerosis; angina  pectoris; 
myocardial    insufficiency 

Myocardial  insufficiency.  Aor- 
tic insufficiency.  Arterio- 
sclerosis. Chronic  nephritis? 

Myocardial  insufficiency.  Mi- 
tral reg.  and   stenosis? 

Myocardial  insufficiency.  Ar- 
teriosclerosis. Mitral  insuf- 
ficiency 

Myocardial  insufficiency;  my- 
ocarditis ;    arteriosclerosis 

Myocardial  insufficiency;  ar- 
teriosclerosis ;   nephritis 

Arteriosclerosis;  myocardial 
insufficiency 

Myocardial  insufficiency;  mi- 
tral insufficiency;  chronic 
nephritis 

Myocardial  insufficiency;  my- 
ocarditis;   arteriosclerosis 

Myocardial  insufficiency;  mi- 
tral reg.  and  stenosis;  ar- 
teriosclerosis 

Myocardial  insufficiency;  my- 
ocarditis; arteriosclerosis; 
chronic  nephritis? 

Myocardial  insufficiency; 
chronic  nephritis ;  arterio- 
sclerosis 

Chronic  nephritis;  arterio- 
sclerosis; myocardial  insuf- 
ficiency; cirrhosis  of  liver 


Myocardial  insufficiency;  aor- 
tic insufficiency;  arterio 
sclerosis 


Sodium  Chlorid 


Myocardial  insufficiency ; 
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may  be  decreased.  Therefore,  in  experimental  congestion,  functional 
pictures  indistinguishable  from  those  of  Group  II  and  III  described 
above  have  been  found.  The  gradual  amelioration  of  experimental  con- 
gestion is  accompanied  earliest  by  an  increased  phthalein  output,  later  by 
improvement  in  salt  and  iodid  excretion,  and  lastly  by  a  slight  ameliora- 
tion of  the  delayed  lactose  excretion. 

Clinically,  in  passive  congestion  the  tests  behave  in  a  similar  way. 
By  studying  Table  4,  it  is  seen  that  in  certain  cases  the  functional  results 
are  identical  with  those  obtained  in  an  entirely  different  group  (Groups 
II  and  III).  It  is  seen  that  lactose  is  invariably  delayed.  Hence  this 
test  in  such  cases  is  of  slight  value.  The  specific  gravity  is  not  fixed,  the 
quantity  of  urine  varies  depending  on  the  degree  of  cardiac  compensation. 
The  excretion  of  salt  varies.  In  certain  cases  there  is  retention ;  in  others 
more  salt  is  excreted  than  ingested,  either  with  "hj^posthenuria"  or 
increased  concentration,  or  both.  Potassium  iodid,  as  a  rule,  is  excreted 
normally  even  when  nephritis  is  marked.  Its  excretion  has  been  delayed 
strikingly,  however,  in  four  cases,  in  three  of  which  the  cardiac  insuffi- 
ciency played  the  major  role.  The  fourth  at  autopsy  showed  an  advanced 
nephritis.  In  these  cases  with  congestion  and  little  or  no  nephritis  the 
phthalein  excretion  is  nearly  normal,  but  as  congestion  becomes  more 
marked  it  is  decreased,  returning  nearl}''  to  normal  with  surprising 
rapidity  as  the  cardiac  conditions  improve.  If,  however,  there  is  a  co- 
existent nephritis  the  phthalein  excretion  remains  low,  and  does  not 
improve  markedly,  despite  improvement  of  circulation.  In  any  case  of 
nephritis  with  marked  cardiac  involvement,  lactose,  water,  salt  and  iodid 
are  vitiated  as  tests  for  renal  function.  By  repeating  the  phthalein 
injection,  however,  information  of  great  value  may  be  obtained.  In  the 
•presence  of  marlted  nephritis  the  excretion  of  phthalein  will  remain  low, 
paralleling  the  degree  of  renal  destruction.  In  those  instances  in  which 
the  excretion  of  phthalein  is  normal,  or  where  after  a  decrease  due  to 
passive  congestion,  it  has  again  become  normal,  nephritis  vaarj  be 
entirely  absent.^* 

In  this  class  of  cases  the  determination  of  nitrogen  retention  may  be 
of  value.  According  to  Strauss  and  Hohlweg,  incoagulable  nitrogen  and 
urea  are  increased  in  chronic  passive  congestion,  but  not  so  strikingly  as 
in  nephritis.  Therefore,  any  marked  increase  gives  valuable  confirmatory 
evidence  of  extensive  renal  involvement. 

The  cases  studied  have  been  arranged  in  the  table  so  as  to  show 
instances  of  pure  chronic  congestion  and  of  slight  nephritis,  moderate 


34.  Such  cases,  particularly  if  exhibiting  a  normal  salt  excretion  at  the  same 
time,  may  constitute  a  class  of  "Pure  Chronic  Passive  Confrestion."  In  our  studies 
we  have  not  described  such  a  group,  because  we  feel  that  clinical  observations  and 
functional  studies  should  be  made  over  a  prolonged  period  before  the  existence  of 
mild  grades  of  nephritis  can  be  excluded. 
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nephritis  or  advanced  nephritis  complicated  by  varying  degrees  of  cardiac 
insufficiency  and  chronic  passive  congestion.  A  few  illustrative  cases  are 
described. 

No.  82,216.  Laborer,  47  years  old,  entered  with  an  unimportant  family  his- 
tory. Previously  he  had  rheumatic  fever,  gonorrhea  and  syphilis  (confirmed  by 
a  positive  Wassermann  reaction).    At  times  he  was  a  heavy  drinker. 

For  ten  years  he  had  constant  nycturia.  For  a  year  he  had  complained  of 
dyspnea  on  exertion,  with  increasing  weakness.  For  a  month  his  feet  were 
swollen.    He  entered  the  hospital  because  he  was  unable  to  keep  up  any  longer. 

Physical  examination  revealed  a  diffuse,  heaving  cardiac  impulse,  with  area 
of  dulness  markedly  increased.  A  systolic  murmur  was  heard  over  the  precor- 
dium,  loudest  at  the  apex,  and  transmitted  to  the  axilla.  Along  the  left  border 
of  the  sternum  was  a  diastolic  murmur  of  slightly  different  pitch  and  intensity. 
The  sounds  at  the  base  were  soft.  The  second  pulmonic  sound  was  louder  than 
the  second  aortic.  The  chests  were  dull  at  the  bases  and  numerous  rales  were 
heard. 

The  fundi  were  negative.  Albumin  and  casts  were  present  in  the  urine  at 
entry.  The  blood-pressure  was  180.  On  the  whole  this  seemed  to  be  a  typical 
case  of  cardiorenal  disease,  in  which  clinically  it  was  difficult  to  determine  the 
degree,  if  existent,  of  nephritis.  Functional  studias  showed  salt  put  out  in  larger 
amounts  than  taken  in  without  diuresis,  delayed  iodid  excretion,  only  a  trace  of 
lactose  recovered.  The  phthalein  output  was,  however,  normal.  From  functional 
studies,  therefore,  there  was  disturbance  in  vascular  function,  with  a  normal  total 
excretory  function.  Therefore  clinically  and  functionally  the  patient  showed 
marked  cardiac  weakness,  with  slight  nephritic  involvement.  The  subsequent  his- 
tory supported  this  view.  The  blood-pressure  fell  to  130,  and  the  albumin  and 
casts  disappeared  from  the  urine;  the  patient  was  discharged  greatly  improved. 

No.  82,755  represents  another  case  of  this  description.  The  patient  was  a 
fishman,  49  years  old.  His  father  died  of  "heart  trouble."  The  patient  had  always 
been  well  until  a  year  before  entry  when  his  heart  became  irregular.  Three  months 
before  entry  he  grew  short  of  breath  on  exertion,  the  condition  growing  worse. 
Eecently  he  had  noticed  nycturia  and  "swelling  of  his  feet"  during  the  day,  which 
disappeared  over  night.  He  entered  the  hospital  because  he  was  unable  to  work 
any  longer. 

Physical  examination  showed  a  markedly  hypertrophied  and  dilated  heart,  with 
an  apical  systolic  murmur  transmitted  to  the  axilla.  The  peripheral  vessels  were 
markedly  sclerosed.  Examination  of  the  chest  showed  dulness  over  both  lower 
backs  suggesting  a  moderate  effusion.  The  liver  was  enlarged  and  tender.  There 
was  marked  edema  of  extremities  and  genitalia.  The  urine  showed  albumin  and 
rare  casts.     The  blood-pressure  was  150. 

His  functional  tests  showed  no  polyuria,  salt  well  excreted  by  increased 
concentration,  iodid  normally  excreted,  lactose  found  only  in  traces  for  six  hours, 
and  none  later.  The  phthalein  was  25  per  cent,  for  two  hours.  Clinically  the  case 
seemed  chiefly  cardiac.  A  repeated  phthalein  test  ten  days  later  showed  70  per 
cent,  for  two  hours.  In  the  meantime  the  albumin  and  casts  had  disappeared. 
The  patient  grew  steadily  better.  Thus  from  a  combined  clinical  and  functional 
study  it  was  clear  that  nephritis  was  absent,  or  if  present,  playing  but  a  slight 
part  in  the  clinical  picture. 

These  cases  bring  up  an  interesting  consideration.  The  delayed 
lactose  and  iodid  excretion  may  be  the  result  of  cardiac  weakness,  and 
thns  these  cases  may  be  of  purely  cardiac  involvement  without  nephritis. 
This  can  only  be  determined  by  repeating  the,  tests  when  compensation 
has  been  perfectly  established. 
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No.  81,242  is  a  case  of  undoubted  nephritis,  combined  with  cardiac  insufficiency. 
The  patient  was  a  tailor,  55  years  old.  His  family  and  previous  history  were 
negative,  save  for  two  attacks  of  gonorrhea  in  youth. 

Ten  to  fifteen  years  previously  he  had  noticed  spells  of  palpitation  associated 
with  weakness  and  giddiness.  For  several  years  he  had  complained  of  nycturia, 
and  had  been  short  of  breath  on  exertion. 

Eight  months  before  entry  he  began  to  have  attacks  of  nocturnal  dyspnea, 
gradually  followed  by  tenderness  referred  to  the  liver,  and  edema  of  the  legs.  For 
two  months  he  had  noticed  marked  loss  of  appetite  and  nausea. 

The  heart  was  markedly  enlarged  to  percussion.  A  faint  systolic  murmur  was 
heard  along  the  left  border  of  the  sternum.  The  second  pulmonic  sound  was 
slightly  more  accentuated  than  the  aortic,  both  with  a  ringing  note.  The  per- 
ipheral vessels  were  sclerosed.  The  lungs  showed  signs  of  diffuse  bronchitis.  The 
liver  edge  on  percussion  was  5  cm.  below  the  costal  margin,  not  felt  on  account  of 
the  marked  tenderness.  There  was  edema  of  the  extremities  and  over  the  sacrum. 
The  urine  showed  a  large  amount  of  albumin  and  casts.  The  blood-pressure 
was  220. 

At  the  time  the  salt  and  water  tests  were  made  the  patient  showed  a  constant 
diuresis,  with  inability,  however,  to  excrete  salt.  Lactose  and  iodid  were  delayed 
in  excretion,  phthalein  was  put  out  only  in  traces,  the  urea  in  the  blood  was 
increased.  Thus  functionally  and  clinically  the  patient  was  suffering  from  a 
failure  of  cardiac  compensation,  with  marked  nephritis.  Under  treatment  cardiac 
compensation  was  largely  regained.  The  lactose,  however,  remained  delayed,  the 
phthalein  showed  a  slight  relative  increase,  but  persistently  remained  far  below 
normal  ( never  becoming  more  than  30  per  cent,  for  two  hours ) ,  and  urea  in  the 
blood  did  not  diminish.  The  patient  died.  Unfortunately  no  autopsy  was  per- 
mitted. 

No.  82,923  is  very  similar.  A  laborer,  56  years  old.  His  family  and  previous 
history  were  negative  so  far  as  known. 

Two  weeks  before  entry  the  patient  was  suddenly  seized  with  chilliness,  fol- 
lowed by  precordial  distress  and  cough.  Three  days  later  swelling  of  the  legs  was 
noted. 

Physical  examination  showed  an  enlarged  heart  with  marked  arhythmia. 
There  were  no  murmurs.  The  aortic  second  sound  was  ringing.  There  was 
marked  sclerosis  of  the  peripheral  A'essels  and  edema  of  the  legs  which  shortly 
disappeared.  The  blood-pressure  was  160.  The  urine  showed  albumin  and  casts 
in  abundance. 

Functional  tests  showed  no  polyuria,  salt  well  excreted,  and  iodid  normal. 
No  lactose  was  excreted  in  twelve  hours-  44  per  cent,  of  phthalein  for  two  hours. 
The  urea  of  the  blood  was  markedly  increased.  A  week  later  the  phthalein 
dropped  to  30  per  cent,  for  two  hours,  and  two  weeks  later  to  10  per  cent,  for 
two  hours.  The  general  condition  had  not  improved,  the  patient  showing  toxic 
symptoms.  After  bleeding  and  sweating  he  became  more  comfortable  and  the 
phthalein  rose  to  25  per  cent,  for  two  hours.  He  improved  clinically  under  rest, 
his  phthalein,  however,  not  increasing. 

No.  82,303  is  a  case  of  advanced  nephritis  with  cardiac  dilatation  and  uremia. 
The  patient  was  a  barber,  43  years  old. 

His  father  had  died  of  "dropsy  and  asthma."  In  his  youth  the  patient  had 
"children's  diseases."    For  the  past  four  years  he  had  been  a  heavy  drinker. 

For  six  months  he  had  noticed  nycturia.  For  two  weeks  before  entry  he  had 
suffered  from  "nocturnal  dyspnea"  which  had  finally  become  constant,  and  was 
accompanied  by  rapid  onset  of  general  edema. 

Physical  examination  revealed  a  cyanosed,  dyspneic  man.  The  cardiac  impulse 
was  diffuse,  heaving,  and  the  area  of  dulness  increased.  A  blowing  systolic 
murn.'ur  was  heard  at  the  apex,  transmitted  to  the  axilla,  and  a  murmur  of  dif- 
ferent pitch  and  intensity  at  the  base,  transmitted  to  the  vessels  of  the  neck. 
A  pericardial  friction  sound  was  heard  at  the  xyphoid  cartilage.  The  peripheral 
vessels  were  markedly  sclerosed. 
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In  the  chest  were  heard  numerous  scattered  rales.  The  liver  was  readily  felt 
and  was  tender.  There  was  marked  edema  of  the  extremities  and  sacrum,  slight 
of  the  face  and  genitalia.    The  blood-pressure  was  216  to  200. 

Functional  tests  showed  that  urine  was  excreted  in  the  same  amounts  as  the 
fluid  intake,  with  salt  excreted  in  excess  of  the  intake.  lodid  excretion  was 
normal.  No  lactose  was  recovered,  and  only  a  trace  of  phthalein  in  two  hours. 
The  nitrogen  of  the  blood  was  not  increased.  Clinically  and  functionally  the  case 
suggested  advanced  nephritis  with  cardiac  decompensation. 

The  patient's  cardiac  condition  improved.  The  phthalein  rose  slightly  (to  13 
per  cent,  for  one  hour ) .  A  month  after  this  observation  the  patient  suddenly 
developed  convulsions  and  died.  Unfortunately  no  functional  tests  were  repeated, 
save  a  determination  of  total  nitrogen  in  the  serum,  which  was  not  increased. 

Autopsy  showed  cardiac  hypertrophy  and  dilatation,  with  marked  chronic  pas- 
sive congestion  and  advanced  subacute  and  chronic  nephritis. 

This  case  is  interesting  in  showing  that  nitrogen  determinations  of 
the  blood-serum  may  not  be  of  value  when  negative,  agreeing  with  the 
observations  of  Strauss,^*  who  constantly  found  low  figures  in  patients 
with  chronic  parenchymatous  nephritis  who  died  of  uremia. 

No.  81,161  is  a  similar  case.    Laborer,  40  years  old. 

His  previous  history  included  measles,  mumps  and  occasional  attacks  of  ton- 
sillitis. 

For  eight  years  the  patient  had  been  short  of  breath  on  exertion,  and  twice 
had  had  swelling  of  his  feet. 

He  entered  the  hospital  for  gradually  increasing  dyspnea,  orthopnea  and 
edema. 

The  heart  was  enlarged  on  percussion ;  no  murmurs  heard.  The  aortic  second 
sound  was  accentuated.  The  peripheral  vessels  were  readily  palpable.  The  lungs 
gave  signs  of  diffuse  bronchitis.  There  was  shifting  intra-abdominal  dulness,  and 
edema  of  dependent  parts.  The  urine  showed  large  amounts  of  albumin  and  casts. 
Blood-pressure  varied  between  180  and  150. 

Functional  tests  showed  frank  polyuria,  with  salt  fairly  excreted.  The  excre- 
tion of  iodid  was,  however,  markedly  delayed,  and  no  lactose  or  phthalein  were 
recovered.  Therefore,  functionally  the  patient  had  a  marked  nephritis.  That 
nephritis  was  the  important  picture  was  supported  by  the  facts  that  despite  rest 
in  bed  and  cardiac  improvement,  the  phthalein  was  not  excreted.  The  patient 
died  with  symptoms  of  uremia.  The  diagnosis  of  nephritis  and  cardiac  insuffi- 
ciency was  confirmed  at  autopsy. 

On  the  whole,  studies  of  renal  function  in  such  cases  are  of  the  utmost 
value.  If  considered  along  with  the  clinical  picture,  and  repeated  at 
intervals,  they  furnish  most  valuable  information  regarding  the  relative 
responsibility  of  the  heart  or  kidney  in  producing  the  clinical  condition. 

GEOUP   V. — MISCELLANEOUS   CASES 

The  cases  in  this  group  appeared  atypical  from  the  point  of  view  of 
nephritis  both  clinically  and  functionally.  The  clinical  diagnoses  were 
cases  of  suspected  syphilitic  nephritis,  of  suspected  amyloid  nephritis,  of 
nephrolithiasis,  of  polyserositis,  and  of  carcinomatosis  with  Bence-Jones 
albumosuria.    Each  case  is  presented  in  detail. 

No.  81,373.     Housewife,  aged  27. 

Her  family  and  previous  history  were  unimportant.  She  entered  with  a  histckry 
of  cough  for  two  months,  accompanied  by  shortness  of  breath,  disturbances  in 
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vision,  nycturia,  and  loss  of  weight.  Physical  examination  revealed  a  heart  not 
enlarged,  with  a  faint  apical  systolic  murmur  not  transmitted  to  axilla  or  back. 
The  lungs  showed  a  slightly  dull  right  apex  over  which  were  heard  numerous 
coarse  rales.  The  abdomen  and  extremities  were  not  remarkable.  From  the  facts 
that  no  tubercle  bacilli  were  found  in  the  sputum,  that  the  Wassermann  reaction 
was  positive,  and  that  at  entry  there  was  albumin  and  casts  in  the  urine,  it  seemed 
possible  that  the  renal  condition  might  be  syphilitic. 

The  functional  studies  are  as  tabulated.  The  patient  was  able  to  excrete  salt 
and  lactose  normally,  but  the  phthalein  was  only  38  per  cent,  for  two  hours, 
lodid  was  not  given,  since  the  patient  was  receiving  the  drug  medicinally.  How- 
ever, under  treatment  the  phthalein  in  a  month  v/as  60  per  cent,  for  two  hours, 
the  general  condition  had  improved  markedly,  there  were  no  longer  casts  or  albu- 
min in  the  urine.  Therefore,  it  does  not  seem  justifiable  to  class  this  patient 
among  nephritics. 

Xo.  79,832.     Laborer,  30  years  old. 
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Entered  with  an  unimportant  family  and  previous  history.  Eight  days  before 
admission  he  complained  of  redness,  heat  and  swelling  in  his  left  ankle,  which 
ascended  to  the  knee.  On  physical  examination  the  heart  was  negative  save  for 
a  systolic  bruit  transmitted  from  apex  to  axilla.  Otherwise  physical  examina- 
tion was  negative  except  for  the  joint  condition.  The  patient  ran  a  protracted 
course  of  irregular  fever,  developing  fluid  or  pus  in  various  joints.  The  spleen 
became  palpable,  obscure  signs  in  the  chest  and  abdomen  occurred.  During 
observation  the  blood-pressure  steadily  rose,  albumin  appeared  in  the  urine,  with 
many  casts.     Clinically  amyloid  nephritis  was  suggested. 

The  kidneys  showed  normal  function  save  that  the  lactose  was  not  entirely 
excreted  within  twelve  hours,  while  the  phthalein  was  on  the  lower  border  of 
normal  (55  per  cent,  for  two  hours),  findings  which  suggested  either  a  vei'y  mild 
nephritis  or  chronic  passive  congestion  without  nephritis. 

The  autopsy  (No.  3,713)  three  months  later  was  especially  interesting.  There 
was  a  large  retroperitoneal  abscess  walled  off  by  a  mass  of  chronic  inflammatory 
tissue  in  which  the  capsules  of  the  kidneys  were  imbedded.  The  kidneys  were  of 
normal  size,  and  grossly  did  not  appear  remarkable.  Microscopically,  however, 
thev  showed  well-marked  congestion  of  capillaries  without  evidence  of  acute  or 
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chronic  nephritis.  It  is  suggested  that  the  functional  picture  obtained  was  due  to 
congestion  caused  by  pressure  from  the  abscess.  There  is  no  positive  proof. 
The  functional  results,  however,  are  identical  with  those  obtained  experimentally 
in  mild  passive  congestion. 

No.  82,004.     Tailor,  42  years  old. 

Family  and  previous  history  were  negative  save  for  small-pox  and  acute  articu- 
lar rheumatism  in  youth.     He  had  passed  "renal  calculi." 

One  week  before  entry  he  was  suddenly  seized  with  pain  in  the  right  flank, 
coming  in  attacks  for  variable  lengths  of  time,  radiating  to  the  hypogastrium,  and 
so  severe  as  to  require  morphin. 

Physical  examination  showed  a  man  slightly  cyanosed  and  dyspneic.  His 
heart  was  not  enlarged,  but  the  aortic  second  sound  was  ringing.  The  lungs  were 
negative,  the  abdomen  was  negative  save  for  slight  tenderness  in  the  region  of  the 
right  kidney.     The  blood-pressure  at  entry  was  160,  but  rapidly  fell  to  130.     Tlie 
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Remarks 


Casts  and  albumin  disappeared  un- 
der treatment.  Patient  left  hos- 
pital improved. 

Patient  died  without  symptoms  of 
uremia.  Autopsy  No.  3713.  Chronic 
passive  congestion. 

Urine  cleared  up  after  passage  of 
stone.  Patient  left  hospital  im- 
proved. 

Second  phthalein  test  two  weeks 
later.  Patient  left  hospital  im- 
proved. 

Lactose  intramuscularly.  Bence- 
Jones  albumosuria.  Patient  died 
without  symptoms  of  uremia.  No 
autopsy. 


urine  showed  a  specific  gravity  of  1,020,  a  trace  of  albumin,  some  red  blood  cor- 
puscles and  leukocytes  but  no  casts.  On  the  day  of  discharge  a  freshly  passed 
specimen  showed  no  albumin,  blood  or  casts. 

The  functional  tests  showed  the  patient  unable  to  excrete  salt  and  having  a 
low  phthalein  output  (28  per  cent,  for  two  hours).  Lactose  and  iodid  excretions 
were  normal.  The  patient  passed  calculi,  but  refused  to  remain  in  the  hospital 
longer.  The  decreased  renal  function  in  this  case  was  probably  due  to  the  injury 
from  renal  calculi.  It  is  impossible  to  decide  from  the  limited  study  of  the 
case  whether  in  addition  there  was  a  co-existent  chronic  nephritis,  but  the  findings 
seem  of  sufficient  interest  to  be  reported  in  detail. 

No.  81,925.     Steward,  32  years  old. 

Entered  for  the  third  time.  His  family  and  previous  history  were  negative. 
He  bad  entered  the  hospital  seven  years  previously  with  the  same  history  as  at 
present,  viz.:  "Hemorrhage  fron^  the  bowels  and  weakness."  His  previous  diag- 
noses were  variable.  It  seems  probable  that  the  patient  had  either  Banti's  disease 
or  a  tuberculous  polyserositis.  Physical  examination  suggested  an  adherent 
pericardium;  there  was  an  enlarged  liver  and  spleen  with  ascites.  There  was 
slight  edema  of  legs.  The  patient  was  markedly  anemic;  26  per  cent,  hemoglobin, 
2,300,000  red  cells. 
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When  first  tested  for  renal  function  the  patient  was  unable  to  excrete  salt 
well;  the  phthalein  was  20  per  cent,  for  two  hours.  Lactose  and  iodid  were 
normal.  A  phthalein  test  repeated  two  weeks  later  showed  55  per  cent,  for  one 
hour  and  70  per  cent,  for  two.  It  seems  possible  that  salt  excretion  may  have 
been  disturbed  in  this  case  by  extra-renal  factors.  The  low  phthalein  in  excre- 
tion may  in  part  have  been  due  to  anemia,  as  at  the  second  reading  his  blood  con- 
dition had  improved — Hgb.  now  55  per  cent,  and  4,000,000  R.  B.  C.  Considering 
the  later  test  and  other  results,  the  impression  is  that  the  patient  had  no  nephritis. 

No.  82,971.    Housewife,  35  years  old.^ 

The  patient's  father  died  of  "cancer."  She  had  always  been  well  until  six 
months  before  entry,  when  she  noticed  pain  in  her  right  hip.  Two  months  later 
her  left  hip  became  tender,  a  month  later  she  noticed  a  small  mass  in  her  right 
breast  which  grew  rapidly  in  size. 

In  the  last  few  weeks  she  had  grown  very  weak;  since  her  illness  began  she 
had  lost  40  pounds  in  weight. 

Her  physical  examination  was  negative  save  for  a  tumor  of  the  right  breast 
with  involvement  of  sacrum,  iliac  bones,  femur  and  fibulae.  There  was  a  sugges- 
tion of  involvement  of  the  frontal  bone  and  spine.  The  urine  contained  Bence- 
Jones  protein  but  no  blood  or  casts.  Tests  of  renal  function  showed  that  the 
patient  was  unable  to  concentrate  salt  or  to  excrete  it  through  diuresis,  to  excrete 
iodid  or  phthalein  normally,  while  her  lactose  was  slightly  delayed.  The  func- 
tional results  here  suggested  more  than  any  others  obtained  a  tubular  nephritis 
with  tubular  hyposthenuria.  The  patient  died,  but  there  was  no  autopsy  per- 
mitted; therefore  the  significance  of  these  findings  can  not  be  determined. 

On  the  whole,  this  group  is  of  interest  as  illustrating  certain  atypical 
findings.  It  is  difficult  to  interpret  the  cases  and  results  more  thoroughl.y. 

GENERAL    SUMMARY 

Our  studies  permit  of  the  following  summary  and  deductions: 

1.  In  the  group  of  eases  studied  the  quantity  of  urine  has  been 
variable.  There  has  been  no  constant  relationship  between  the  existence 
of  polyuria  or  oliguria  and  the  condition  of  the  patient  as  determined 
by  other  functional  studies  or  clinical  observation. 

In  cases  with  cardiac  involvement  the  amount  of  urine  has  been 
exceedingly  variable,  apparently  depending  on  the  degree  of  myocardial 
insufficiency,  edema  or  other  extra-renal  influences.  Hence,  the  quantity 
of  urine  was  of  little  value  in  determining  the  condition  of  renal 
function. 

2.  The  specific  gravity  of  the  urine  in  the  most  advanced  cases  of 
nephritis  has  been  constantly  low;  in  other  cases  variable.  In  general, 
cases  with  cardiac  decompensation  have  shown  a  urine  of  higher  specific 
gravity  than  those  with  pure  nephritis,  and  cases  of  advanced  nephritis 
with  cardiac  insufficiency  have  shown  a  less  concentrated  urine  than  cases 
of  cardiac  insufficiency  with  little  nephritis. 

3.  Sodium  chlorid  added  to  the  diet  in  considerable  amounts  has  been 
excreted  normally  in  the  majority  of  cases  studied.  In  advanced  neph- 
ritis it  has  been  excreted  in  amounts  less  than  those  ingested.    In  neph- 


35.  Reported  by  Drs.  Boggs  and  Guthrie,  Bull.  Johns  Hopkins  Hosp.,  Decem- 
ber, 1912. 
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ritis  with  cardiac  decompensation  its  excretion  has  varied,  certain  cases 
retaining  it  —  whether  or  not  complicated  by  edema  —  others  of  more 
advanced  nephritis  clinically  and  functionally,  excreting  more  than 
ingested. 

Moreover,  these  studies  have  suggested  that  patients  who  have  been 
on  a  salt-poor  diet  for  any  considerable  length  of  time,  are  unable  to 
excrete  added  amounts  readily,  irrespective  of  the  cardio-renal  condition. 
Therefore,  the  study  of  salt  excretion  alone,  as  a  test  for  renal  function, 
is  of  little  value.  Its  value  consists  in  afEording  corroborative  evidence 
to  other  tests,  but  owing  to  the  many  extra-renal  factors  to  which  it  is 
subjected,  its  absolute  value  is  slight. 

4.  Lactose  excretion  has  been  delayed  in  all  cases  of  nephritis  or 
chronic  passive  congestion.  Cases  in  which  no  lactose  has  been  recovered 
in  the  urine  within  twelve  hours  after  injection  were  clinically  instances 
of  severe  nephritis.  Although  the  failure  of  lactose  to  appear  in  the  urine 
is  of  considerable  value  prognostically,  we  do  not  feel  that  the  number  of 
hours  necessary  for  complete  elimination  is  a  valuable  index  of  the  renal 
condition. 

As  already  indicated,  the  mechanism  of  its  excretion  is  not  deter- 
mined, although  it  must  differ  essentially  from  that  of  iodid,  salt  or 
phthalein.  A  marked  delay  in  its  excretion  suggests  a  disturbance  of 
renal  function  which  may  be  manifested  in  no  other  way.  Its  exact 
significance  is  vmknown. 

5.  The  potassium  iodid  excretion  has  varied  markedly.  In  the  cases 
of  most  marked  nephritis  it  has  been  delayed.  In  cases  of  congestion 
clinically  suggesting  but' little  nephritic  involvement,  it  has  also  been 
delayed.  In  one  case  clinically  of  advanced  nephritis  (confirmed  by 
autopsy)  it  has  been  normal.  There  seems  to  be  no  constant  relationship 
between  the  degree  of  nephritis  or  of  congestion  and  the  excretion  of  the 
drug.  Hence  its  time  of  excretion  as  a  test  for  renal  function  is  prac- 
tically worthless. 

6.  Phthalein  has  been  excreted  in  amounts  paralleling  the  degi-ee  of 
functional  involvement  of  the  kidney,  as  indicated  by  the  clinical  con- 
dition, subsequent  history,  or  autopsy.  In  marked  chronic  passive  con- 
gestion without  nephritis  it  has  been  low  at  first,  but  has  returned  rapidly 
to  normal  with  improvement  of  circulation.  In  cases  of  chronic  passive 
congestion  with  nephritis  its  excretion  has  remained  persistently  low, 
apparently  indicating  the  actual  functional  capacity  of  the  kidney. 

Therefore,  the  phthalein  test  for  renal  function  has  afforded  the  most 
reliable  information  as  to  renal  efficiency  and  has  been  of  great  value  in 
differentiating  functional  incapacity  due  to  nephritis  from  that  due  to 
chronic  passive  congestion. 
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7.  The  marked  accumulation  of  incoagulable  nitrogen  in  the  blood 
when  present  is  valuable  evidence  of  renal  insufficiency.  How  great  the 
value  of  this  test  is  we  are  unable  to  state  from  our  own  experience. 

Our  cases  which  correspond  to  those  studied  by  Schlayer  are  con- 
sidered in  Groups  II  and  III.  The  first  are  of  "vascular  nephritis" 
predominantly.  This  is  evidenced  by  a  delayed  lactose  excretion  accom- 
panied in  one  case  by  "vascular  hyposthenuria"  and  diuresis.  Tubular 
function  was  normal  as  indicated  by  the  ability  to  concentrate  salt  and 
by  a  normal  iodid  excretion. 

The  cases  of  Group  III  would  fall  into  either  his  groups  of  "tubulo- 
vascular"  or  "vasculo-tubular"  nephritis.  Lactose  excretion  is  delayed, 
in  many  instances  there  is  hyposthenuria  of  a  mixed  type.  The  tubes 
are  involved  as  shown  by  their  inability  to  concentrate  salt  and  in  certain 
cases  by  a  delay  in  the  iodid  excretion. 

The  chief  importance  in  studying  cases  in  this  way  is  the  ability 
afforded  to  recognize  as  early  as  possible  abnormalities  in  renal  function, 
and  by  repeating  these  tests  over  intervals  of  time  to  follow  the  subse- 
quent course  of  the  disease  in  any  individual  patient.  For  practical  pur- 
poses it  seems  from  these  studies  that  in  advanced  nephritis  the  phthalein 
and  incoagulable  nitrogen  tests  give  more  definite  and  reliable  informa- 
tion prognostically  than  the  others  used ;  in  early  cases  or  suspected  cases, 
the  lactose,  iodid  and  salt  tests  may  prove  of  value. 

CONCLUSIONS 

1.  The  functional  condUion  of  the  Jcidney  can  unquestionably  he 
determined  much  more  accurately  by  the  use  of  these  tests  than  through 
ordinary  clinical  studies  alone. 

2.  The  phthalein  test  is  of  great  diagnostic  and  prognostic  value. 
For  general  use  it  is  of  more  value  prognostically  than  any  other  single 
test;  diagnostically,  also,  it  is  of  value  in  cardiorenal  disease  for  deter- 
mining the  relative  responsibility  of  the  heart  or  kidney  for  the  clinical 
condition. 

The  lactose  test  is  of  great  value  diagnostically  in  determining  the 
existence  of  abnormal  renal  function.  The  significance  of  its  delayed 
excretion  is  obscure.  The  suppression  of  the  excretion  of  lactose  may  be 
of  considerable  value  prognostically. 

The  salt  test  if  considered  alone  is  of  no  value,  since  it  is  subjected 
to  so  many  extra-renal  factors.  When  considered  in  conjunction  with 
clinical  and  other  functional  studies,  it  may  prove  of  some  value  diagnos- 
tically and  prognostically. 

The  amount  of  water  excreted  in  cases  of  pure  nephritis  in  response 
to  sodium  chlorid  stimulation  may  be  of  diagnostic  value. 

The  potassium  iodid  test  is  of  little  value  diagnostically  or  prog- 
nostically. 
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The  marked  accumulation  in  the  blood  of  incoagulable  nitrogen,  in 
cases  of  nephritis  when  present,  is  of  considerable  prognostic  value. 

3.  It  is  possible  in  cases  of  eardiorenal  disease  with  varying  degrees 
of  chronic  passive  congestion  and  nephritis  to  determine  which  factor  is 
of  greater  importance  in  the  causation  of  the  clinical  picture  encountered. 
This  can  be  done  most  readily  by  repeated  phthalein  tests,  while  the 
determination  of  incoagulable  nitrogen  in  the  blood  may  also  be  of  value. 
The  lactose  and  iodid  tests  are  of  no  value  in  this  respect. 

4.  It  is  possible  by  these  tests  to  diagnosticate  the  presence  or  absence 
of  impairment  of  renal  function  in  cases  in  which  clinically  nephritis  is 
suggested.  In  this  respect  the  lactose  and  phthalein  tests  are  of  most 
value. 

5.  Before  feeling  convinced  of  the  justifiability  of  drawing  conclusions 
relative  to  the  involvement  of  the  vascular  or  tubular  functions  under 
pathological  conditions,  we  feel  that  a  much  deeper  knowledge  concerning 
the  physiology  of  the  excretion  of  these  various  substances  studied  is 
necessary. 

It  is  -with  the  greatest  pleasure  that  we  acknowledge  our  indebtedness  to  Dr. 
Barker,  Dr.  Thayer,  and  the  other  members  of  the  medical  staff  of  the  Johns 
Hopkins  Hospital  for  their  cooperation  and  interest  in  this  work.  To  Dr.  Thayer 
we  are  particularly  grateful  for  many  helpful  suggestions  and  for  clinical  material. 
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OF  THE  ADMINISTRATION  OF  lODIN  IN  THREE 

CASES    OF    THYROID    CARCINOMA    (TWO 

HUMAN   AND    ONE    CANINE)* 

DAVID  MARINE,  M.D.,  and  A.  A.  JOHNSON,  M.D. 

CLEVELAND 

There  is  no  doubt  that  in  the  development  of  normal  tissues  struc- 
tural differentiation  and  functional  differentiation  parallel  each  other, 
but  in  the  case  of  tumors  little  is  known  as  to  whether  any  such  parallel- 
ism exists.  One  obvious  reason  for  this  is  that  very  few  of  the  tissues  from 
which  tumors  most  frequently  develop  have  any  readily  estimated  physi- 
ological attributes.  Beginnings  have  been  made  in  this  direction  in  the 
case  of  adrenal  tumors  (hypernephromas)  through  investigations  for 
the  presence  of  the  specific  pressor  substance.^  So  also  considerable  work 
has  been  done  with  lipomas  by  w^ay  of  chemical  analysis  and  comparison 
with  the  fat  of  normal  adipose  tissues.^  For  investigations  in  this  field 
it  has  long  seemed  to  us  that  the  thyroid  offered  most  favorable  con- 
ditions. Thus  its  architecture  is  simple;  it  is  localized,  easily  accessible 
and  has  a  wide  range  of  morphological  variations  within  the  limits  of 
normal  functional  activity.  In  man  it  is  one  of  the  most  frequent 
sites  for  tumor  development,  particularly  the  adenomas.  The  most 
favorable  factor,  however,  is  that  the  easily  determined  iodin  offers  a  fair 
test  for  the  functional  activity  of  this  tissue.  Thus  it  is  well  known  that 
iodin  to  a  marked  degree  controls  the  morphological  changes  associated 
with  the  physiological  variations  and  overgrowths  in  the  gland  and  also 
that  iodin  is  an  essential  constituent  of  the  active  principle  of  the  gland's 
secretion.  It  is  on  the  basis  of  a  rather  extensive  experience  with  the 
relation  of  the  iodin  content  to  gland  structure  and  on  the  comparative 
effects  of  iodin  on  the  thyroid  in  various  phases  of  physiological  activity 
that  some  years  ago  one  of  us  undertook  the  study  of  the  relation  of  the 
iodin  content  of  benign  epithelial  tumors  (adenomas)  to  their  histological 
structure  and  of  the  effect  of  the  administration  of  iodin  on  such  tumors 
in  comparison  with  its  effects  on  the  adjacent  non-tumor  thyroid.  Some 
of  these  observations  have  been  published.^     Summarizing  briefly  it  was 
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found  that  all  benign  epithelial  tumors  have  some  capacity  for  iodin,  but 
that  this  is  always  much  below  that  of  the  adjacent  non-tumor  thyroid. 
There  are  variations  in  the  capacity  of  these  tumors  for  iodin  which  in  a 
general  way  run  parallel  with  the  degree  of  morphologic  differentiation. 
Thus  simple  adenomas  or  the  most  differentiated  group  have  the  greatest 
capacity,  approaching  closely  in  some  instances  to  that  of  the  non-tumor 
thyroid  tissues,  while  the  fetal  adenomas,  or  the  least  differentiated  have 
the  least  capacity  for  iodin.  In  the  interpretation  of  these  findings  it 
was  suggested  that  benign  epithelial  tumors  of  the  thyroid  are  only 
partial  tumors,  in  that  they  still  have  preserved,  to  some  degree  at  least, 
one  easily  detectable,  physiological  attribute  of  the  non-tumor  thyroid 
tissue. 

In  view,  therefore,  of  the  well-known  iodin  relations  in  the  simple 
non-tumor  functional  hyperplasias  (goiter)  and  of  the  findings  in  the 
benign  epithelial  tumors,  it  seemed  of  importance  to  extend  these  obser- 
vations to  include  malignant  epithelial  hyperplasias  of  the  thyroid. 
During  the  past  year  two  opportunities  for  such  observations  in  man  have 
occurred,  and  it  is  through  the  courtesy  of  Drs.  C.  A.  Hamann  and  E.  P. 
Carter,  in  whose  services  at  the  City  Hospital  the  cases  were  admitted,  that 
we  have  been  able  to  observe  and  follow  them  to  their  termination.  In 
both  cases  a  portion  of  the  thyroid  tumor  was  removed  several  months 
before  death,  iodin  was  administered  for  a  long  period  of  time  and 
autopsies  were  obtained.    Abstracts  of  the  cases  follow : 

ABSTRACTS  OF  CASES 

Case  1.— J.  K.,  City  Hospital  No.  11766,  admitted  November  2,  1911.  Male, 
Pole,  aged  37,  laborer.  Owing  to  poor  interpretation  only  a  partial  history  was 
obtained. 

Complaint:  Enlargement  of  the  neck  with  pain. 
Physical  Examination. — Patient  was  well  developed  and  fairly  well  nourished. 
There  was  slight  bilateral  prominence  of  the  eyes,  no  tremor,  no  tachycardia. 
General  glandular  enlargement  with  an  increase  in  the  size  of  the  thyroid  involv- 
ing both  lobes  and  the  isthmus.  The  thyroid  was  somewhat  tender  on  pressure  and 
on  deep  palpation  was  slightly  nodular.  Admission  temperature  102.3  F.,  pulse 
SO,  respiration  18.  Thyroiditis  was  suspected.  Blood  Examination:  Hgb.  85 
per  cent.;  R.  B.  C.  4,200,000:  W.  B.  C.  8,600.  Differential  coimt:  Polymorphs. 
67  per  cent.;  mononuclears  10  per  cent.;  lymphocytes  17  per  cent.;  eosinophils  1 
per  cent.;  transitionals  5  per  cent.  Urine  on  November  16  showed  a  trace  of 
albumin. 

November  5,  1911,  measurement  of  neck  in  largest  circumference  42  cm. 

November  12,  1911,  measurement  of  neck  in  largest  circumference  40  cm. 
Temperature  98  F.,  pulse  90,  respiration  20.  The  thyroid  at  this  time  was  dis- 
tinctly nodular  and  apparently  adherent  to  adjacent  structures.  A  small 
nodule  was  made  out  just  above  the  clavicle  on  the  left  side.  :Malignancy  was 
suspected  at  this  time. 

Nov.  14.  1911.  Syrup  of  ferrous  iodid  was  begun  in  doses  of  8  minims  t.  i.  d. 
The  condition  of  the  patient  remained  but  little  changed  until  November  25  when 
Dr.  Hamann  removed  the  left  lobe,  isthmus  and  part  of  the  right  lobe. 
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PatJiological  Report. — Right  lobe  and  isthmial  portion:  The  mass  is  hard, 
slightly  nodular  and  covered  with  numerous  tags  of  tissue  from  the  separation  of 
fibrous  adhesions.  It  has  neither  the  shape  nor  the  general  appearance  of  thyroid. 
Weight  of  mass  76  grams.  On  section  the  surface  nodules  are  found  to  be  adeno- 
matous masses  five  in  number,  the  largest  measuring  3  by  3  cm.  One  contains 
calcareous  deposits,  another  is  cystic,  and  the  smaller  ones  are  glandular  through- 
out. These  adenomas  are  imbedded  in  a  hard,  white  scar  tissue  throughout  which 
are  yellowish,  necrotic  areas  varying  in  size  from  1  mm  to  6-8  mm.  These  areas 
resemble  the  caseation  seen  in  certain  types  of  tuberculosis  or  actinomycosis.  No 
true  thyroid  parenchyma  is  made  out.  The  general  appearance  is  that  of  a  chronic 
inflammatory  process  in  a  pre-existing  adenomatous  goiter. 

Microscopic  Examination. — Sections  from  seven  areas  of  the  tumor  mass  were 
studied.  In  only  one  was  there  evidence  of  non-tumor  thyroid  tissue  and  this  was 
very  sclerotic,  with  small,  shrunken  follicles.  Sections  through  two  of  the 
adenomas  revealed  characteristic  adenomatous  structure  composed  of  small,  uni- 
form, closely-set  colloid-containing  follicles  in  the  subcapsular  zone  with  atrophy 
and  hyaline  degeneration  of  the  central  portion.  The  non-adenomatous  tissue  is 
for  the  most  part  dense,  infiltrated  fibrous  tissue  with  scattered  islands  of  tumor 
cells  occupying  clefts  and  quite  frequently  filling  the  lumina  or  veins.  These 
tumor  areas  correspond  to  the  necrotic  yellowish  areas  noted  in  the  gross  specimen. 
The  cells  are  uniformly  distributed  throughout  a  given  tumor  area  with  no  differ- 
entiation into  follicle  formations.  The  cells  are  highly  irregular  in  size.  Their 
nuclei  are  irregular  in  size  and  staining  intensity,  resembling  sarcoma  as  much  as 
carcinoma.  Hemorrhage  and  necrosis  are  present  in  all  the  larger  areas.  In  a  few 
of  the  areas  suggestive  follicle  formations  are  present  owing  to  the  presence  of 
very  scant  stroma.  On  this  account  the  possibility  of  the  tumor  being  one  of 
those  rare,  sarcocareinomas  comparable  to  those  described  by  Wells*  in  the  dog, 
by  Leo  Loeb^  in  the  rat,  and  Woolley*^  in  man,  was  considered.  Almost  all  of  the 
described  cases  of  this  double  tumor  have  been  primary  thyroid  tumors.  A  study 
of  the  metastases  in  our  case  eliminates  this  possibility. 

Dec.  1,  1911.  Wound  healing,  back  rest,  temperature  98  to  99  F.,  pulse  90  to 
100,  respiration   18  to  20. 

Dec.  8,  1911.  Sodium  iodid  grs.  3  t.  i.  d.  substituted  for  the  syrup  of  ferrous 
iodid.     Wound  healed,  temperature  normal,  pulse  80  to  90,  respirations  20. 

Dec.  18,  1911.  Patient  complains  of  pain  in  the  right  thigh  and  knee.  A  small 
mass  on  the  inner  side  of  the  right  ilium  was  made  out.  A"-ray  plates  at  this  time 
were  negative. 

Dec.   23,   1911.     Patient's  general   condition  fair.     Was  discharged. 

Jan.  2,  1912.  Patient  re-admitted  complaining  of  pain  in  the  region  of  the 
eighth  rib  in  the  right  axillary  line  and  in  the  right  hip.  Physical  examination 
.shows  no  noteworthy  cliange  in  the  neck  region.  There  is  a  small  palpable  tumor 
mass  attached  to  the  eighth  rib  in  the  axillary  line  and  a  tender  mass  in  the  right 
inguinal  region.  The  face  had  a  sallow,  puffy  appearance.  There  is  increased 
dulness  over  the  manubrium.  The  superficial  veins  of  the  thorax  and  abdomen 
are  becoming  prominent  and  somewhat  tortuous.  An  a;-ray  plate  taken  at  this 
time  shows  mediastinal  growth  extending  to  the  left  and  to  the  right  of  the  base 
of  the  heart:  also  a  mass  in  the  left  ninth  rib  posteriorly. 

Jan.  11,  1912.  Complains  of  pain  in  the  right  inguinal  region  and  in  the  right 
arm.    The  face  is  cyanotic  and  edematous;  veins  of  the  neck  very  much  distended. 

Jan.  15,  1912.  Patient  is  quite  ill;  face  greatly  enlarged  and  cyanotic.  The 
temporal  veins  are  much  distended.  Motor  power  on  the  right  side  is  decreased. 
Reflexes  diminished.     Right  arm  swollen. 


4.  Wells,  H.  C:  Jour.  Pathol,  and  Bacteriol.,  1901,  vii,  357. 

5.  Loeb,  Leo:  Am.  Jour.  Med.  Sc,  1903,  N.  S.  cxxv,  243. 

6.  Woolley,  P.  C:  Am.  Med.,  1902,  iv,  331. 
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Jan.  16,  1912.  Tongue  enlarged.  Speech  and  swallowing  difficult.  Morphin 
grs.  %  two  to  three  times  per  day  necessary  to  control  pain. 

Feb.  24,  1912.  The  mass  in  the  right  inguinal  region  had  progressively 
enlarged.  Superficial  veins  of  the  abdomen  and  thorax  have  undergone  further 
enlargement  and  edema  of  the  face,  tongue  and  neck  region  is  very  much  lessened. 

March  16,  1912.  Patient  had  lost  much  weight,  most  marked  pain  now  is  in 
the  thorax.  Well  developed  collateral  circulation  around  the  obstructed  superior 
vena  cava. 

April  9,  1912.  Obstinate  constipation,  great  emaciation,  continuous  pain, 
anxious  pinched  appearance,  catheterization  necessary. 

April  19,  1912.     Patient  died  this  morning.     Autopsy  three  hours  later. 

Autopsy  Report. — Body  length  170  cm.  Marked  emaciation;  rigor  mortis 
present. 

Old  thyroidectomy  wound.  The  laryngeal  cartilages  and  neck  muscles  are 
obscured  by  diffuse  subcutaneous  thickening.  There  is  marked  tortuosity  of  the 
veins  of  the  chest  and  abdomen.  A  large  rounded  mass  about  12  cm.  in  diameter 
in  the  right  iliac  fossa.     The  right  leg  muscles  are  distinctly  atrophic. 

Internal:  On  removing  the  sternum  the  tumor  mass  was  found  to  involve 
the  manubrium  and  both  clavicles.  No  excess  of  fluid  in  the  pleural  cavities.  The 
thymus  area  is  replaced  by  tumor  tissue  which  is  continuous  with  the  thyroid 
area  above.  Right  lung  free  from  adhesions  and  air-containing.  Many  nodules 
varying  from  1  to  5  cm.  in  diameter  are  scattered  throughout  the  lung.  No 
consolidation.  Bronchi  reddened  and  contain  some  mucopurulent  exudate.  Left 
Lung:  Few  adhesions  at  apex  and  near  the  base,  air-containing.  Multiple  tumor 
nodules  of  approximately  the  same  size  and  distribution  as  in  the  right  lung. 
These  tumor  nodules  are  grayish  opaque  in  color.  Many  of  the  masses  have 
central  areas  of  necrosis.  In  the  eighth  rib  on  the  right  side  there  is  a  fusiform 
swelling  which  on  section  proved  to  be  a  medullary  metastasis.  On  the  left  side 
springing  from  the  ninth  rib  is  a  hemispherical  mass  4  by  5  cm.  in  diameter 
projecting  into  the  pleural  cavity  but  completely  covered  with  pleura. 

Heart:  Pericardial  surfaces  smooth.  There  i.=»  no  excess  of  fluid.  Heart 
muscle  soft  and  flabby.  The  superior  cava  is  completely  blocked  by  tumor  growth, 
distending  the  vessel  to  a  diameter  of  2  to  2.5  cm.  and  extending  up  into  the 
innominates  and  down  into  the  right  auricle.  Pulmonary  veins,  inferior  cava, 
aorta,  and  pulmonary  artery  free.  Liver :  Normal  appearance,  free  from  metastasis. 
Spleen:  Slightly  enlarged.  Malpighian  bodies  and  trabeculae  prominent.  Kid- 
neys: Right  measures  11  by  6.5  by  4.5  cm.  Capsule  strips  readily.  On  the  surface 
are  many  yellowish  raised  spots  distributed  over  the  entire  cortex.  On  section  the 
surface  spots  extend  through  the  cortex  as  yellow  streaks!  Left  kidney  similar 
in  all  respects  to  the  right.  Adrenals  normal.  Pancreas  normal.  There  is  a 
small  metastasis  in  the  mesentery  of  the  transverse  colon.  Occupying  the  right 
iliac  fossa  and  elevating  the  iliacus  muscle  and  crural  nerves,  also  extending  down- 
ward into  the  pelvis  and  involving  the  rectum,  is  a  large  mass  about  15  cm. 
in  diameter.  The  mass  extends  through  the  ilium,  involved  the  ischium  at  the 
acetabulum,  and  also  the  right  side  of  the  sacrum.  On  section  the  tumor  tissue 
is  soft,  grayish,  hemorrhagic,  with  extensive  areas  of  necrosis.  There  is  a  separate 
metastasis  in  the  body  of  the  fifth  lumbar  vertebra.  The  thyroid  area  was  removed 
with  the  tongue.  The  left  lobe  and  isthmus  are  operatively  absent.  The  entire 
area  was  now  filled  with  scar  tissue  and  tumor  growth.  The  right  lobe  area 
contains  a  tumor  mass  in  which  no  distinct  thyroid  tissue  is  visible.  The 
esophagus  is  free  save  for  very  prominent  varices  in  the  upper  and  lower  thirds. 
Several  small  tumor  masses  project  into  the  lumen  of  the  trachea  between  the 
cricoid  cartilage  and  the  bifurcation. 

Microscopic  Examination. — Pancreas  and  liver  normal.  Spleen:  Malpighian 
bodies  and  pulp  cells  well  preserved.  Kidney:  No  increase  in  connective  tissue. 
Throughout  the  cortex  are  irregular  areas  of  cellular  exudate  composed  for  the 
most  part  of  polymorphonuclear   leukocytes.     In  some  of  the  areas  the  tubules 
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remained  visible  while  in  others  actual  abscess  formation  has  taken  place. 
Throughout  all  the  acute  inflammatory  areas  the  tubules  contain  pus  cells.  Diag- 
nosis: Acute  suppurative  nephritis.  Heart  muscle  normal.  Lung:  Congested: 
moderate  coal  pigmentation;  free  from  inflammatory  exudate. 

Thyroid  Area — Right  Lobe:  Four  sections.  No  trace  of  thyroid  tissue  visible. 
Extensive  areas  of  tumor  cells  in  the  dense  stroma.  The  tumor  masses  for  the 
most  part  show  no  follicle  formation.  In  some,  however,  slight  differentiation  but 
without  formation  of  lumina  can  be  made  out.  Same  irregularities  in  the  cell 
types  as  were  noted  in  the  operative  specimen. 

Lung  Metastases:  Slight  encapsulation;  central  areas  necrotic.  The  cortical 
zone  is  divided  into  small  columns  and  strands  of  tumor  cells  by  a  very  delicate 
vascular  stroma.  Slight  evidence  of  follicle  formation.  The  inguinal  tumor  mass 
also  exhibits  slight  follicle  formation.  Rib  metastasis:  Fibrous  stroma  more 
prominent  and  distinct  follicle  formations  can  be  made  out,  some  of  which  contain 
colloid-like  material.  The  tissue  is  distinctly  thyroid  in  type  although  the  cells 
are  as  atypical  as  in  other  metastases,  with  less  evidence  of  follicle  formation. 
The  bronchial  lymph-glands  contain  tumor  metastases,  the  cells  of  which  showed 
no  follicle  formation.  Tumor  from  superior  cava  contain  a  delicate  capillary 
stroma  in  places  outlining  very  irregular  attempts  at  follicle  formation.  The  cell 
types  are  highly  irregular.     Nuclear  figures  are  present. 

Anatomical  Diagnosis. — Adenocarcinoma  of  the  thyroid,  medullary  type.  Met- 
astases into  trachea,  the  mediastinum,  bronchial  lymph-glands,  lungs,  ribs,  fifth 
lumbar  vertebra  and  ilium.     Acute  suppurative  nephritis. 

lodin  determinations  Avere  made  on  several  of  the  tissues  and  metastatic  tumor 
nodules  obtained  at  post-mortem  as  well  as  on  the  tumor  mass  removed  at  opera- 
tion. 

lodin  Determinations. — Operative  Specimen  No.  1.  The  scar-like  tissue  cor- 
responding to  the  thyroid  area  contains  0.02  mg.  per  gram  of  dried  tissue. 

No.  2. — Adenoma  freed  from  all  other  tissues  contains  0.17  mg.  per  gram  of 
dried  tissue. 

Autopsy  Tissues: 

No.  1. — Liver:  lodin  per  gram  dried  tissue,  0.00  mg.,  or  a  trace. 
No.  2. — Kidney:  lodin  per  gram  dried  tissue,  0.01  mg. 
Nd.  3. — Pancreas :   lodin  per  gram  dried  tissue,  0.03  mg. 
No.  4. — Spleen:   lodin  per  gram  dried  tissue,  0.00  mg. 
No.  5. — Lung:  lodin  per  gram  dried  tissue,  0.00  or  a  trace. 
No.  6. — Lung  Metastasis:  lodin  per  gram  dried  tissue,  0.00  mg. 
No.  7. — Rib  Metastasis:   lodin  per  gram  dried  tissue,  0.00  mg. 
No.  8. — Iliac  Metastasis:   lodin  per  gram  dried  tissue,  0.00  mg. 
No.  n. — Tumor  from  the  site  of  the  right  lobe:  Todin  per  gram  of  dried  tissue. 
0.00  mg. 

lodin  Administration:  Nov.  14  to  Dec.  8,  1911,  syrup  of  ferrous  iodid  34  c.c. 
December  8  to  20,  sodium  iodid  12  gm.  January  8  to  April  15,  1912,  syrup  of  fer- 
rous iodid  181  c.c.  Total  iodin  before  operation,  17  c.c.  syrup  ferrous  iodid.  Total 
iodin  after  operation,  12  gm.  of  sodium  iodid  and  198  c.c.  of  syrup  ferrous  iodid. 

Case  2.— S.  R.,  City  Hospital  No.  11,167;  admitted  Sept.  11,  1911.  Female, 
Hungarian,  aged  39.  Complaint,  cough  with  loss  of  weight  for  the  past  ten 
months.     Past  history  not  obtained. 

Physical  Examination. — Fair  development,  poorly  nourished  and  cachectic 
appearance.  There  is  a  unilateral  tumor  mass  .5  cm.  in  diameter  in  the  region  of 
the  left  lateral  lobe  of  the  thyroid.  Patient  has  noticed  this  enlargement  for 
seven  years.  Right  lobe  slightly  enlarged  but  with  normal  outline.  The  chest  is 
long  and  the  costal  angle  narrowed.  There  is  distinct  dulness  over  the  right  apex 
and  bronchial  breathing  over  both  apex  and  base.  Heart,  abdomen,  and  extremi- 
ties negative.  No  blood  examination.  Trace  of  albumin  first  noticed  December  23, 
which  continued  until  death.     Repeated  examinations  of  the  sputum  for  tubercle 
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bacilli  negative  until  April  30,  1912,  although  patient  had  afternoon  temperature 
of  101  to  102.8  F.  with  pulse  averaging  100  to  110. 

Dec.  3,  1911.  General  condition  of  patient  about  the  same  as  at  admission. 
The  thyroid  tumor  had  enlarged  slightly.  It  is  quite  hard  and  not  painful.  Dis- 
placement of  the  larynx  to  which  the  tumor  mass  is  firmly  attached.  Skin  movable 
over  the  tumor.  Several  isolated  nodules  are  palpable  in  the  left  supraclavicular 
fossa.  There  is  distinct  dulness  over  the  left  apex  of  the  lung  and  a;-ray  plates 
showed  rather  dense  shadows  in  both  apices. 

Dec.  12,  1911.    Evidence  of  tracheal  stenosis  and  operation  advised. 

Dec.  20,   1911.     The  tumor  mass  was  removed. 

Pathological  Report. — The  mass  consists  of  the  left  lobe  and  isthmus.  It  is 
firm,  nodular,  and  for  the  most  part  encapsulated  but  in  places  the  tumor  tissue 
extends  through.  Two  of  the  superficial  veins  are  filled  with  tumor  tissue.  On 
section  the  tumor  mass  is  whitish,  opaque,  with  a  few  small  necrotic  areas.  The 
tumor  is  sharply  defined  from  the  non-tumor  thyroid  tissue  which  has  all  the 
appearances  of  normal  thyroid  tissue.  Coarse  fibrous  strands  cut  the  tumor  mass 
into  lobules.     In  places  colloid-like  substance  is  seen. 

Microscopic  Examination. — The  non-tumor  thyroid  tissue  is  uniformly  colloid- 
containing,  slightly  stretched  by  the  growing  tumor  but  in  all  respects  resembles 
pure  colloid  thyroid.  The  tumor  is  for  the  most  part  undifferentiated  into  fol- 
licles. The  interior  portion  is  composed  of  irregular  columns  of  large  cuboidal 
cells  closely  set  and  for  the  most  part  without  evidence  of  lumina.  There  are 
areas  throughout  this  portion  of  the  tumor  in  which  irregular  follicle  formations 
occur.  In  the  peripheral  parts  of  the  tumor  follicle  formation  is  absent.  There  is 
a  distinct  alveolar  arrangement  dependent  on  the  stroma.  The  tumor  cells  are 
somewhat  irregular,  elongated,  and  with  their  long  axes  arranged  radially  in  the 
alveolus.  No  adenoma-like  areas  were  made  out.  Diagnosis,  medullary  car- 
cinomas. 

Dec.  24,  1911.  Recovery  from  operation  uncomplicated.  Temperature  99  to 
101  F. ;  pulse  110  to  115.  Sodium  iodid  grains  5,  daily.  Patient  complains  of 
pain  in  the  right  hip. 

Jan.  10,  1912.  Cachexia  and  emaciation  not  improved,  breathing  is  better.  The 
right  leg  is  swollen  and  somewhat  painful.  X-ray  at  this  time  shows  metastases 
in  the  right  side  of  the  sacrum. 

Feb.  27,  1912.  Syrup  of  ferrous  iodid  minims  10  t.  i.  d.  was  substituted  for 
sodium  iodid.  Flatness  over  the  right  chest  and  the  infraclavicular  region  of  the 
left  with  dulness  beneath  the  manubrium.  No  recurrent  growth  in  the  thyroid 
region. 

March  20,  1912.  Patient's  condition  progressively  downward.  Respiration  24 
to  28,  pulse  110  to  113;  temperature  99  to  100.  Constant  pain  in  the  sacro-iliac 
region. 

April  30,  1912.  Sputum  contains  tubercle  bacilli.  Transferred  to  tuberculosis 
sanitarium  and  died  there  May  3,  1912. 

Autopsy. — Autopsy  May  5,  1912,  after  overcoming  some  difficulties.  The  body 
was  not  embalmed  and  was  in  a  good  state  of  preservation.  Slight  discoloration 
of  the  abdomen.  Examination  confined  to  the  chest  and  abdomen.  Thyroid  area : 
Right  lobe  normal  shape,  enlarged  about  twice  the  normal  size.  Firm,  translucent, 
and  on  section  contains  abundant  colloid.  A  cystic  adenoma  2  em.  in  diameter  is 
imbedded  in  this  lobe.  The  isthmus  was  removed  at  operation.  The  left  lobe  for 
the  most  part  was  removed.  There  is,  however,  a  mass  of  tissue  4  by  1.5  cm. 
occupying  the  site  of  the  left  lobe,  and  adherent  to  the  surrounding  structures. 
On  examination  this  mass  is  found  to  contain  both  colloid  and  cancerous  thyroid 
tissue.  The  thymus  area  contains  three  metastatic  tumor  nodules,  the  largest 
being  the  size  of  a  golf  ball.  Both  lungs  are  adherent  to  the  parietal  pleura.  The 
right  hmg  contains  extensive  tuberculous  caseation  and  consolidation.  Both  lungs 
contain  numerous  tumor  nodules  varying  in  size  from  a  pea  to  a  golf  ball.  Heart, 
small;  contains  no  metastases.    Abdomen:  Liver  contains  several  metastases,  one 
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large  nodular  mass  just  above  the  gall-bladder,  measures  6  by  5  by  5  cm.  Spleen 
contains  one  small  tumor  nodule.  Kidneys  both  contain  metastases.  Pancreas 
contains  a  metastasis  2  cm.  in  diameter  near  the  duodenum.  All  metastases 
observed  in  the  several  viscera  are  grayish  opaque  in  color,  soft,  friable,  and  have 
no  gross  resemblance  to  the  normal  thyroid  structure.  There  are  several  inetas- 
tases  in  the  omentum  and  mesentery.  The  sacrum  contains  a  large  metastasis 
extending  into  the  pelvis  and  also  producing  slight  ulceration  externally.  Stomach 
and  intestines  appear  normal. 

Mic?-oscopic  Examhiatiou. — Thyroid:  Eight  lobe  has  all  the  appearances  of 
pure  colloid  thyroid.  The  small  adenoma  has  a  subcapsular  zone  of  well  preserved, 
closely  set  small  follicles  most  of  which  contain  some  colloid.  Diagnosis:  Inter- 
mediate adenoma  with  involutionary  clianges  imbedded  in  the  pure  colloid  goiter. 
Three  other  sections  from  the  right  lobe  revealed  no  metastases.  Examination  of 
tissue  re^noved  from  the  region  of  the  left  lobe  shows  for  the  most  part  dense 
scar  tissue  in  which  are  pockets  of  tumor  tissue  without  any  differentiation  into 
follicles.  In  another  section  of  this  mass  considerable  non-tumor  thyroid  tissue 
similar  to  that  of  the  right  lobe  is  present.  Lung  metastases  encapsulated.  They 
consist  of  irregular  branching  columns  of  tumor  cells  with  slight  follicle  forma- 
tions. The  ceils  for  the  most  part  are  spindle-shaped  with  a  tendency  toward 
radial  arrangement  from  the  center  of  the  column.  In  some  of  the  columns  lumina 
are  made  out.  Liver  metastases  are  in  all  respects  similar  to  those  of  the  lungs. 
Pancreas  metastasis  is  composed  of  branching  columns  of  spindle-shaped  cells. 
Many  of  these  columns  have  definite  lumina.  The  pancreatic  tissue  has  under- 
gone extensive  post-mortem  changes.  The  kidney  metastases  have  a  distinct 
alveolar  arrangement  of  the  tumor  cells  with  little  or  no  tendency  to  form  fol- 
licles. The  surrounding  kidney  tissue  including  capsule,  glomeruli  and  tubular 
epithelium  are  relatively  normal. 

lodin  Determination. — Operative  Specimen:  Xo.  L — lodin  per  gram  of  dried 
non-tumor  thyroid,  0.80  mg. 

Xo.  2 — lodin  per  gram  of  dried  tumor  thyroid,  0.03  mg. 

Autopsy  Tissues: 

Xo.   1. — Right  lobe,  pure  colloid  gland,  iodin  per  gram  of  dried  gland,  2.02  mg. 
Xo.  2. — Left   lobe,  mixed  tumor  and  non-tumor   thyroid,   iodin  per  gram   of 

dried  gland,  0.16  mg. 
Xo.  3. — Lung  metastasis,  iodin  per  gram  of  dried  gland,  0.00  mg. 
Xo.  4. — ^Liver  metastasis,  iodin  per  gram  of  dried  gland,  0.00  mg. 
Xo.  5. — Esophagus  tissue,  tumor-free,  iodin  per  gram  of  dried  tissue,  0.00  mg. 
Xq    g — Pancreas  tissue,  tumor-free,  iodin  per  gram  of  dried  gland,  0.00  mg. 
Xo.  7. — Liver  tissue,  tumor-free,  iodin  per  gram  of  dried  gland,  0.00  mg. 

Administration   of  Iodin. — Total   iodin  before  operation,  0. 

Total  iodin  after  operation:  (a)  Dec.  24,  1911,  to  Jan.  5,  1912,  1  gm  sodium 
iodid  daily;  total  13  gm.  (b)  Feb.  27,  1912,  to  April  25.  1912,  10  minims,  syrup 
ferrous  iodid  t.  i.  d.;  total  119  c.c. 

In  addition  to  these  two  human  cases  one  of  us  (M.)  has  observed  a  case  of 
thyroid  carcinoma  in  a  dog,  and  inasmuch  as  the  data  are  in  all  respects  similar 
to  those  for  the  human  cases  it  may  also  be  included  here.  The  following  is  a 
synopsis  of  the  case  record: 

Case  3. — Laboratory  X^.  A-124,  male  Boston  Bull-Terrier,  aged  8  years,  owned 
by  Dr.  E.  P.  Carter,  admitted  May  1,  1908. 

History. — Goiter  had  been  known  clinically  for  over  three  years,  with  progres- 
sive enlargement.  First  examined  dog  on  Oct.  9,  1907.  Thyroid  lobes  at  this  time 
were  svmmetrically  enlarged,  compressible,  distinct,  movable  and  connected  by  a 
broad  isthmial  band.  Diagnosis,  active  thyroid  hyperplasia.  Lugol's  solution  0.1 
c.c.  daily  was  given.  This  treatment  was  continued  with  very  slight  interruptions 
until  May  8,  1908.  The  dog  was  seen  from  time  to  time  and  the  thyroid  lobes, 
which  at  first  became  smaller,  began  to  enlarge  again  in  February,  1908.     Their 
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outlines  became  less  distinct.  Gradually  both  lobes  and  isthmus  became  fused 
into  a  single  mass  and  the  entire  mass  became  firmly  adherent  to  the  larjmx. 
In  April  the  thyroid  mass  was  more  distorted,  firm,  and  immovable,  and  was 
producing  dyspnea.  As  the  dog  was  now  losing  weight  and  the  thyroid  lobes 
had  undergone  marked  changes,  the  probability  of  thyroid  carcinoma  was  suggested 
and  operation  advised.  May  8,  1908,  under  ether  anesthesia  the  entire  left  lobe 
was  removed.  It  was  densely  adherent  to  the  trachea,  larynx,  esophagus  and 
adjacent  muscles,  and  weighed  145  gm. 

Pathological  Examination. — The  lobe  was  nodular,  although  everywhere  encap- 
sulated. Consistency  was  firm.  On  section  there  were  still  some  very  definite 
areas  of  original  thyroid  tissue  in  the  colloid  state,  for  the  most  part  lying  just 
beneath  the  capsule,  but  in  general  the  entire  lobe  was  replaced  by  a  new  growth. 
The  tumor  tissue  was  grayish  opaque  in  color,  containing  many  small  hemorrhages 
and  small  areas  of  necrosis,  together  with  a  few  cystic  areas  filled  with  a  brownish 
cholesterin-containing  fluid.  It  was  impossible  to  separate  the  tumor  from  the 
non-tumor  thyroid  tissue  and  duplicate  iodin  determinations  were  made  on  the 
mixed  tissue  with  results  of  0.32  and  0.30  mg.  per  gram  of  dried  gland. 

May  11,  1908,  dog  doing  nicely. 

May  16,  1908,  wound  slightly  infected,  and  as  the  dog  had  undoubted  carcinoma 
the  owner  desired  him  chloroformed. 

Autopsy. — Slight  wound  infection.  The  right  lobe  weighed  125  gm.,  was 
nodular,  hard,  gray-red,  and  on  section  was  equally  involved  with  cancer  as  the 
lebt  lobe,  which  Avas  removed  at  operation.  Extension  of  carcinomatous  tissue  into 
the  anterior  mediastinum.  Both  lungs  contained  numerous  metastatic  nodules 
varying  from  1  mm.  to  2  cm.  in  diameter.  They  were  gray-white,  friable,  and 
contained  no  visible  colloid.  The  lymph-glands  along  the  bronchi  were  involved. 
No  metastases  were  found  in  the  kidneys,  liver,  pancreas,  or  other  viscera.  As 
the  dog  had  been  getting  iodin  up  to  the  time  of  operation,  iodin  determinations 
were  made  on  the  autopsy  tissues  as  follows : 

Right  lobe  of  the  thyroid  contained  0.27  mg.  per  gram  of  dried  gland. 
Lung  metastasis  contained  0.11  mg.  per  gram  of  dried  tissue. 
Lung  tissue  contained  0.07  mg.  per  gram  of  dried  tissue. 
Liver  tissue  contained  0.15  mg.  per  gram  of  dried  tissue. 

Histological  Exaviination. — Thyroid:  The  capsule  was  markedly  thickened. 
Slight  round-celled  infiltration.  There  were  many  areas  of  original  non-tumor 
thyroid  containing  normal  colloid  and  normal  cuboidal  epithelium.  The  tumor 
tissue  was  in  general  difl^erentiated  into  follicles.  These  were  small,  rounded, 
closely  packed  and  resembled  the  fetal  adenoma  follicles  seen  in  human  goiter. 
There  were  other  areas  or  irregular  islands  making  up  probably  a  third  of  the 
sectioned  area  in  which  little  or  no  differentiation  into  follicles  could  be  made  out. 
The  epithelium  of  the  formed  follicles  was  high  cuboidal  in  type  and  the  nuclei 
were  large  vesicular,  quite  regular  in  size  and  staining  intensity.  Lung  Metas- 
tases: Six  were  examined,  all  showing  some  differentiation  into  follicles,  of  the 
same  characteristics  present  in  the  thyroid  lobes. 

SUMMARY   AND   DISCDSSION 

The  principle  data  of  Case  1  are :  Patient  was  under  observation  168 
days — 23  days  before  and  145  days  after  operative  removal  of  part  of 
the  thyroid  tumor.  Metastases  were  without  doubt  present  before  the 
patient  came  under  our  observation.  The  thyroid  contained  several 
adenomas  of  the  fetal  type  and  while  it  is  impossible  to  state  from  what 
portion  of  the  thyroid  the  carcinoma  originated,  we  have  come  to  the 
conclusion  from  the  tumor  pattern  that  it  probably  originated  from  an 
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adenoma.  The  whole  course  of  the  disease  was,  as  far  as  could  be  deter- 
mined, one  of  uncomplicated  thyroid  cancer.  Seventeen  c.c.  of  syrup 
of  ferrous  iodid  was  given  before  operation  and  12  gm.  of  sodium  iodid, 
and  198  c.c.  of  the  syrup  of  ferrous  iodid  were  given  after  operation — 
iodin  having  been  continuously  administered  from  Nov.  14,  1911,  to 
April  15,  1912,  with  the  exception  of  eighteen  days  from  Dec.  20,  1911. 

Case  2  was  in  the  hospital  continuously  from  Sept.  11,  1911,  until  her 
death,  May  3,  1912 — 235  days.  She  was  admitted  for  and  had  active 
pulmonary  tuberculosis.  Thyroid  carcinoma  was  not  definitely  recognized 
until  December  3,  when,  owing  to  tracheal  stenosis,  a  palliative  operation 
was  advised.  The  tuberculosis  doubtless  hastened  death.  The  tumor 
though  metastasizing  was  of  slower  growth  than  that  of  Case  1.  The 
carcinoma  and  the  tuberculosis  were  joint  factors  and  the  individual 
importance  of  each  cannot  be  estimated.  In  this  case  also  there  was  one 
typical  adenoma  in  the  right  lobe  and  the  general  type  of  tumor  led  us 
to  look  on  this  carcinoma  as  also  originating  in  an  adenoma.  No  iodin 
was  given  prior  to  the  operation.  Following  the  operation  iodin  was 
given  continuously  until  April  25,  1912 — eight  days  before  death — with 
the  exception  of  fifty-two  days  following  Jan.  5,  1912.  She  received  a 
total  of  13  gm.  of  sodium  iodid  and  119  c.c.  of  syrup  of  ferrous  iodid. 

Case  3  (a  dog)  was  under  observation  for  approximately  seven  months. 
Carcinoma  was  suspected  after  the  fifth  month.  Small  doses  of  Lugol's 
solution  were  administered  by  mouth  with  slight  interruptions  from 
October  until  May  8.  The  total  amount  of  iodin  used  could  not  be 
obtained. 

The  scar-like  mass  of  the  left  lobe  removed  at  operation  in  Case  1, 
after  freeing  it  from  all  visible  adenomatous  tissue,  contained  0.02  mg. 
of  iodin  per  gram  of  dried  tissue.  The  adenoma  from  the  same  lobe 
contained  0.17  mg.  of  iodin  per  gram  of  dried  tissue.  The  patient  had 
been  getting  iodin  for  eleven  days  before  operation.  Adenomas  of 
histological  difi'erentiation  present  in  this  case  normally  contained  some 
iodin,  and  while  the  comparatively  high  content  may  be  explained  on  the 
basis  of  the  iodin  administered,  this  does  not  seem  likely,  judging  from 
our  experience  with  adenomas  in  general.  The  iodin  content  of  the 
scirrhus  cancer  tissue  is,  on  the  other  hand,  probably  due  to  the  adminis- 
tration of  iodin,  judging  by  the  distribution  of  iodin  in  the  tissues  and 
its  rate  of  excretion  following  its  administration  in  dogs  and  rabbits.' 
The  iodin  contents  of  the  tissues  at  autopsy,  notwithstanding  the  fact 
that  iodin  was  given  until  five  days  before  death,  shows  no  traces  of 
iodin  in  the  remaining  scar-like  cancerous  mass  of  the  right  lobe,  in  the 
spleen,  in  the  rib,  lung,  or  iliac  metastases.  Definite  traces  of  iodin  were 
found  in  the  lung  and  liver  tissues  while  the  kidney  and  pancreas  con- 
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tained  0,01  and  0.03  mg.  per  gram  of  dried  tissue,  respectively.  The  fact 
that  the  pure  cancer  tissues  were  free  from  iodin  while  the  adenomas 
had  over  eight  times  as  much  iodin  as  any  of  the  other  thyroid  tissues 
and  about  six  times  as  much  as  the  pancreas,  possibly  suggests  that  this 
was  the  best  preserved  thyroid  tissue.  Certainly  the  carcinoma  tissues 
showed  no  power  whatever  to  retain  iodin,  although  the  tissues  were 
exposed  to  the  most  favorable  influences  for  iodin  storage. 

In  Case  2  the  portion  of  the  left  lobe  removed  at  operation  was  sepa- 
rated into  tumor  and  non-tumor  tissues.  The  non-tumor  tissue  contained 
0.80  mg.  of  iodin  per  gram  of  dried  tissue,  while  the  adjacent  tumor 
tissue  contained  0.03  mg.  of  iodin  per  gram  of  dried  tissue.  This  speci- 
men looked  like  pure  cancer  tissue,  and  histological  examination  of  several 
areas  of  it  showed  only  tumor  tissue.  No  iodin  had  been  administered 
for  nearly  three  and  a  half  months.  The  remaining  portion  of  the  left 
lobe  obtained  at  autopsy  contained  both  tumor  and  non-tumor  thyroid 
tissue,  but  was  so  intermingled  that  no  separation  was  possible.  The 
mixed  specimen  contained  0.16  mg.  of  iodin  per  gram  of  dried  tissue. 
The  right  lobe,  which  on  gross  and  histological  examination  was  pure 
colloid  thyroid,  contained  2.92  mg.  of  iodin  per  gram  of  dried  gland,  or 
nearly  four  times  the  iodin  content  of  the  non-tumor  thyroid  of  the  left 
lobe  obtained  at  operation  before  iodin  was  given.  In  this  case  neither 
the  metastases  in  the  liver  and  lung  nor  the  non-tumor  liver,  kidney, 
pancreas,  lung  and  esophagus  tissues  contained  any  trace  of  iodin 
although  iodin  had  been  given  for  a  long  time  and  up  to  eight  days  before 
death.  This  case  has  the  advantage  over  Case  1  in  possessing  an 
abundance  of  thyroid  tissue  unaffected  by  tumor,  and  it  is  noted  that  this 
tissue  reacts  with  iodin  in  the  characteristically  normal  physiological 
manner. 

In  Case  3  duplicate  determinations  on  the  operative  specimen  showed 
0.32  and  0.30  mg.  of  iodin  per  gram  of  dried  tissue,  respectively.  The 
examined  specimens  were  mixed  tumor  and  non-tumor  as  the  tumor 
growth  had  so  infiltrated  the  whole  lobe  that  separation  was  impossible. 
The  observation  is  therefore  useless  so  far  as  determining  whether  the 
tumor  tissue  contained  iodin.  Likewise,  the  left  lobe  removed  at  autopsy 
was  so  infiltrated  with  cancer  that  separation  was  impossible  and  the 
iodin  determination  on  a  mixed  specimen  give  0.27.  The  lung  metastases 
showed  0.11  mg.  of  iodin  per  gram  of  dried  tissue,  while  the  tumor-free 
lung  and  liver — the  only  other  tissues  examined — gave  0.07  and  0.15 
mg.  of  iodin  per  gram  of  dried  tissue,  respectively.  From  these  findings 
and  from  the  general  distribution  of  iodin  in  the  body  following  its 
administration  it  is  probable  that  all  the  tissues  contained  iodin.  The 
fact  that  the  iodin  content*of  the  liver  Avas  higher  than  that  of  the  lung 
metastasis  renders  the  iodin  content  of  the  lung  metastasis  of  no  physio- 
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logical  significance,  and  the  iodin  content  of  the  lung  and  liver  is  probably 
due  to  the  non-excretion  of  the  recently  administered  iodin.  Whether 
iodin  in  the  form  of  Lugol's  solution  is  held  by  the  tissues  longer  than 
iodin  given  as  syrup  of  ferrous  iodid  is  a  question  barely  suggested  by  the 
striking  difference  in  the  iodin  contents  between  the  two  human  cases 
and  the  dog.  In  most  of  the  work  on  the  retention  of  iodin  in  the  tissues 
potassium  and  sodium  iodid  have  been  used,  the  last  traces  of  which  are 
known  to  be  excreted  slowly.  The  administration  of  iodin  in  these  three 
cases  had  neither  a  detectable  inhibiting  influence  nor  a  detectable 
accelerating  influence  on  the  rate  of  growth. 

In  these  three  cases,  therefore,  it  seems  that  cancer  tissue  exhibits 
practically  no  capacity  for  iodin  retention,  contrasted  with  the  non-tumor 
thyroid,  which  has  a  marked  capacity  for  storing  iodin ;  and  with  benign 
epithelial  tumors  (adenomas),  all  of  which  in  some  phase  of  their  exis- 
tence have  some  capacity  for  iodin,  thyroid  cancer  exhibits  the  least — 
in  our  three  cases  probably  no  capacity  for  iodin.  We  have  been  able  to 
find  but  two  incomplete  reports  in  the  literature  of  iodin  determinations 
in  metastatic  thyroid  carcinoma.  Ewald^  reported  one  case  in  which  the 
examination  of  the  primary  tumor  (a  thyroid  adenoma)  showed  no 
iodin,  while  metastases  in  the  lung  and  lymph-glands  showed  appreciable 
amounts.  No  other  details  of  the  case  are  given.  He  suggested  that 
further  examinations  should  be  made,  since  if  Baumann's  observations 
and  conclusions  should  be  established  the  iodin  contents  of  tumors  might 
afford  evidence  as  to  tumor  function.  Gierke®  observed  a  vertebral  tumor 
with  thyroid-like  structure  which  contained  approximately  0.25  mg.  of 
iodin  per  gram  of  dried  tissue.  jSTo  other  details  are  given  and  on  this 
account  it  is  impossible  to  make  comparisons  with  our  tumor  cases.  As 
there  are  more  differentiated  types  of  thyroid  carcinoma,  or  possibly  more 
correctly  stated,  there  are  metastatic  thyroid  growths  especially  in  bone 
which  morphologically  closely  resemble  fully  differentiated  thyroid  tissue, 
the  need  of  more  extended  observations  is  obvious,  as  it  might  be  possible 
to  determine  through  their  iodin  function  what  relation  they  bear  to 
tumors,  since  morphology  is  of  little  value.  As  dogs  are  not  known  to 
have  adenomas  we  suppose  that  the  carcinoma  in  Case  3  arose  from 
tissue  that  had  undergone  physiological  differentiation.  If  such  was  the 
case  the  physiological  attributes  have  been  lost,  as  the  tumor  behaved 
towards  iodin  in  a  similar  manner  to  the  two  human  carcinomas.  We 
have  as  yet  no  direct  evidence  that  thyroid  tumors,  whether  benign  or 
malignant,"  may  compensate  for  the  function  of  the  non-tumor  thyroid. 
Experimental  approach  has  so  far  been  impossible  because  none  of  the 


8.  Ewald:  Ueber  den  Jodgehalt  des  Adenocarcinome  der  Schilddriise  und  seine 
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lower  mammals  is  known  to  have  true  adenomas.  The  often  quoted 
observation  of  von  Eiselsberg^''  to  the  effect  that  following  the  removal- 
of  a  large  goiter  tetany  developed  which  cleared  up  as  sternal  thyroid 
metastases  developed,  was  made  at  a  time  when  parathyroid  and  thyroid 
functions  were  not  clearly  separated.  Such  symptoms  are  not  now 
believed  to  have  connection  with  thyroid.  More  applicable  are  the  obser- 
vations of  Gulliver^^  where  a  woman  44  years  old  with  symptoms  of 
myxedema  dating  back  four  years  developed  thyroid  carcinoma  with 
metastases,  but  without  any  noteworthy  amelioration  of  the  myxedema 
symptoms.  This  author  also  cites  an  observation  reported  by  Hilton 
Fagge  where  a  sporadic  cretin  with  a  large  goiter  developed  thyroid 
carcinoma  without  any  improvement  in  the  cretinoid  condition.  Such 
clinical  observations  though  meager  are  in  harmony  with  the  experi- 
mental chemical  evidence  of  the  cases  here  reported,  viz.,  that  in  thyroid 
carcinoma  there  is  no  evidence  that  useful  function  is  preserved,  but 
rather  that  in  becoming  malignant  the  tissue  loses  most  of  its  physi- 
ological attributes.  So  far  as  observations  have  extended,  it  would  appear 
that  benign  epithelial  tumors  occupy  an  intermediate  position  as  regards 
evidence  of  function  between  fully  differentiated  thyroid  tissue  on  the 
one  hand  and  malignant  epithelium  tumors  on  the  other. 


10.  Von  Eiselsberg:  Arch.  f.  klin.  Chir.,  1894,  xlviii,  489. 

11.  Gulliver:  Malignant  Disease  of  the  Thyroid  Developing  in  a  Cag^  of  Myxe- 
dema.   Tr.  Path.  Soc,  London  1886,  xxxvii,  511. 


CONCEENINCt    the    PEESEXCE    of    HEMOLYSIXS    IX 
STOOL    EXTRACTS* 

AETHUR    H.    HOPKINS,    M.D. 

PHILADELPHIA 

The  following  experiments  were  undertaken  with  the  aim  of  ascer- 
taining, if  possible,  whether  extracts  of  stools  from  cases  of  essential 
progressive  pernicious  anemia  contain  hemolysing  substances  not  found 
in  normal  stools,  nor  in  stools  from  other  diseases.  If  repeatedly  present, 
this  could  be  regarded  as  of  some  use  as  a  further  step  in  the  clinical 
diagnosis  of  a  disease  the  etiology  of  which  is  still  uncertain  and  the 
classification  of  which  is  hardly  satisfactory. 

In  reviewing  the  literature  on  hemolysins  in  the  gastro-intestinal 
tract,  I  find  that  while  much  has  been  done  with  tumor  and  organ 
extracts,  little  attention  has  been  paid  to  the  stools. 

Korschun  and  Morganroth,^  in  their  work  on  the  hemolytic  action 
of  organ  extracts,  describe  a  hemolysin  thus  derived,  which  is  active 
against  the  blood-cells  of  the  same  species  and  possesses  the  following 
characteristics :  coctostabile,  soluble  in  alcohol,  not  complex,  and  inactive 
in  causing  antibody  formation. 

Later  Kiilbs,-  in  a  series  of  experiments  on  stool  filtrates,  showed  the 
presence  of  hemolysins  in  cases  of  intercurrent  and  chronic  intestinal 
disorders  as  well  as  in  progressive  pernicious  anemia.  In  chronic 
nephritis  and  diabetes  agglutinins  were  frequently  encountered.  The 
hemolytic  action  of  the  filtrates  was  not  affected  by  type  of  diet,  heating 
or  age  of  filtrate,  nor  did  the  reaction  play  any  part  in  the  result.  He 
found  no  relation  existing  between  the  indoxyi  content  of  the  urine  and 
the  hemolytic  effect  of  the  stool.  The  solubility  of  the  stool  and  apparent 
quick  passage  through  the  bowel  seemed  to  be  more  important  factors. 
Thin  stools  taken  directly  from  cecum  and  ileum  were  very  hemolytic. 
He  does  not  refer  to  the  chemical  constituents.  Injections  into  animals 
of  2  to  6  c.c.  produced  no  anemia. 

In  the  following  year  Tallqvist^  reported  his  results  on  the  study  of 
the  blood  changes  produced  by  the  Bothriocephalus  latus,  results  which 
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were  most  striking  and  of  material  value  in  explaining  the  etiology  of 
such  anemias.  He  demonstrated  the  presence  of  a  lipoid  substance  in 
the  proglottides  of  the  worm,  which  was  extremely  hemolytic,  could  not 
be  dissected  out,  formed  no  antibodies,  was  coctostabile,  resistant  to 
proteolytic  ferments  and  showed  a  great  affinity  for  red  blood-cells.  On 
subcutaneous  injections  into  animals  a  definite  anemia  was  produced, 
the  autopsy  findings  being  similar  to  those  of  a  progressive  pernicious 
anemia. 

He  refers  to  substances  possessing  similar  hemolysing  qualities  in 
normal  organ  extracts,  especially  in  mucous  membranes  of  certain  sec- 
tions of  the  gastro-intestinal  tract.  He  suggests  that  in  many  cryptogenic 
forms  of  progressive  pernicious  anemia  there  may  be  qualitative  or  quan- 
titative anomalies  in  fat  metabolism  calling  forth  a  pathological  separa- 
tion and  a  consequent  hemolytic  lipoid  substance.  Such  substances  have 
been  described  in  various  tumors  and  secretions.  Thus  Kullmann*  found 
them  in  mammary  and  uterine  carcinomata.  Grafe  and  Eohmer^  (whose 
work  was  later  partially  confirmed  by  Fabian^),  in  a  series  of  over  100 
cases,  demonstrated  hemolyzing  lipoids  repeatedly  in  the  gastric  contents 
of  gastric  carcinoma,  while  Neuberg  and  Eeicher'^  showed  that  normal 
neutralized  gastric  contents  of  dogs  were  hemolytic  to  cells  of  the  same 
animal.  Later  Bloch^  claimed  that  if  the  enterogenous  theory  of  progres- 
sive pernicious  anemia  was  correct,  the  toxic  agent  should  be  found  in 
the  stools.  He  found  hemolytic  substances  in  the  stools  of  six  cases  of 
progressive  pernicious  anemia,  in  chronic  enteritis,  (one  case),  and  in 
tabes,  but  the  most  marked  hemolysis  occurred  with  normal  stools.  He 
concluded  that  the  normally  formed  lipoid  in  the  intestinal  contents  was 
rendered  inert  by  cholesterol,  and,  when  this  failed,  hemolysis  occurred. 
The  fact,  however,  of  the  strongest  hemolysis  having  occurred  in  normal 
stools,  in  his  own  experiments,  does  not  satisfactorily  support  this  theory. 
He  used  alcoholic  and  ethereal  extracts  only.  The  substance  was  not 
activated  by  lecithin.  AYohlgemuth  found  hemolysins  in  pancreatic  juice, 
which  were  activated  by  lecithin. 

Next  Faust  and  Tallqvist,^  after  further  studies  in  the  chemistry  of 
Bofhrioceplialus  proglottides  showed  the  lipoid  substance  to  be  soluble  in 
warm  alcohol  and  ether,  but  not  in  water,  and  only  capable  of  producing 
hemolysis  when  the  sheath  was  disintegrated.  The  fatt}'  material  con- 
tained phosphorus  from  lecithin.  Cholesterol  was  cr3-stallized  out,  but 
was  not  hemolytic.    Free  fatty  acids  were  found  to  be  intensely  hemo- 
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lytic,  but  on  further  analysis  palmitic  and  stearic  acids  (saturated)  pro- 
duced no  hemolysis,  while  the  unsaturated  oleic  acid  was  intensely  active. 
When  in  combination  with  a  cholesterin  ester,  it  was  most  effective, 
although  the  cholesterin  ester  of  fatty  acids  is  present  in  most  normal 
blood-serum  in  small  amounts. 

Cholesterol  in  feces  is  in  part  enterogenous,  while  part  comes  from 
bile  and  some  from  soap  in  chyle.  Faust  and  Tallqvist  hold  that  stimu- 
lation of  the  intestinal  mucous  membrane  leads  to  a  greater  formation 
and  secretion  of  this  substance,  and,  with  it,  an  increase  of  soap  in  chyle 
and  in  blood.  Thus,  through  abnormal  stimulation  of  a  normal  process, 
blood  destruction  could  be  produced. 

By  feeding  Bothriocephalus  lipoid  to  dogs  large  amounts  of  very 
hemolytic  chyle  were  recovered  in  a  few  hours.  Chyle  showed  neutral  fat 
and  free  fatty  acids,  the  latter  being  intensely  hemolytic,  due  to  oleic  acid. 
No  cholesterol  was  found  in  chyle. 

Goodman  and  Eobinson,^°  in  an  unpublished  work,  demonstrated  the 
presence  of  hemolytic  lipoid  substances  in  ethereal  extracts  of  stools  from 
anemias  and  uterine  carcinoma  as  well  as  in  normal  stools. 

TECHNIC 

To  weighed  stool  an  equal  volume  of  .85  per  cent.  NaCl  was  added,  the  mixture 
ground  up  in  a  mortar,  filtered  through  gauze  and  allowed  to  extract  over  night 
in  an  ice-chest.  On  the  following  day  the  mixture  was  shaken,  centrifuged  and 
the  supernatant  fluid  passed  through  a  Berkefeld  filter,  the  filtrate  being  used 
as  the  extract,  1  c.c.  representing  1  unit.  To  a  series  of  tubes  containing  1  c.c. 
of  a  5  per  cent,  emulsion  of  washed  red  blood  cell^  from  the  patient  whose  stool 
was  being  examined,  was  added  a  varying  amount  of  the  stool  extract,  from  2  c.c. 
down  to  .1  c.c.  Sufficient  physiological  salt  solution  was  added  so  that  the  mixture 
in  each  tube  was  brought  up  to  3  c.c.  Similar  amounts  of  the  stool  extract  were 
added  to  a  5  per  cent,  emulsion  of  foreign  human  washed  red  blood-cells.  The 
protocol  is  as  follows: 

Protocol  of  Expebiment  with  Stool  Extract 
Diagnosis  Amount  of  5  Per  cent.  5  Per  cent.  Hemolysis 


Amount  of 

5  Per  cent. 

5  Per  cent. 

Stool  Extr. 

Emulsion 

Emulsion 

1  c.c— 1  Unit 

R.B.C. 

of 

Foreign 

c.c. 

Same  Case. 

R.B.C. 

c.c. 

of  Normal 

Resistance, 

c.c. 

2.0 

1 

— 

1.0 

1 

— 

O.-'S 

1 

— 

0.1 

1 

— 

2.0 

— 

1 

1.0 

— 

1 

0.5 

— 

1 

0.1 

— 

1 

10.  Goodman  and  Robinson:  Unpublished  work. 
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Case 
Gastric — 

1       Hyperchlorhydria  and  dilatation   Positive-Negative 

2-6    Neurosis    ( 5  cases  in  all )     Negative 

7       Carcinoma  Negative-Positive 

8-9    Toxic  gastritis    (?)     (2  cases)     Neo-ative 

10  Chr.  gastritis   ( 2  times)    Positive 

11  Gastroptosis  and  enteroptosis   Positive 

12  Undiagnosed     Positive 

13  Undiagnosed   Negative 

Intestinal — 

14-15  Chr.  constipation   ( 2  cases)    Ne<^ative 

16  Chr.  appendicitis,  Ascaris  lumhricoules,  and  trichocephaliasis       Positive 

17  Neoplasm  of  jejunum    Negative 

Kidney — 

;^       Y''":'^ •  •■• : Positive 

19  Amyloid    nephritis     Positive-Negative 

20  Renal  calculus  and  erysipelas   Positive 

21  Acute  parenchymatous  nephritis    '    Positive 

22  Acute   parenchymatous   nephritis    Neo-ative 

23-25  Chr.  parenchymatous  nephritis    (3  eases) Negative 

26  Chr.  parenchymatous   nephritis   with   chorea Positive-Negative 

27  Chr.  parenchymatous   nephritis Positive-Negative 

Metabolic — 

28-33  Diabetes  (6  cases  of  varving  severity) Negative  in  all 

34       Gall-stones    .  _. "     .Positive 

3o       Arthritis,    neissenan    Veo-ative 

36       Arthritis  deformans  Positive 

II  SI-"'"  ?""'.'/  J.^""^^^^   V.V.  Positive-Negative 

38  Chr.    family  jaundice    Stronff 

.     39  Chr.  family  jaundice    Ne^ativt 

40  Hepatic   cirrhosis    Strong 

41  Multiple  serositis    '.'.'.''..''.'.'.'.'.'.'..'.'.'.'.'.'.'.'. Negativ^ 

Blood—  ^ 

42-45  Progressive   pernicious   anemia    (4   cases) Neo-ative 

46       Progressive  pernicious  anemia   Very  faint  negative 

4/        Progressive  pernicious  anemia    Positive 

48  Lymphatic   leukemia    Positive 

49  Myelogenous  leukemia    '/.Negative 

50  Splenomegaly     Positive 


Heart — 

51-52  Myocarditis    (2   cases)     Negative 

L        n^"-  •"•  °^y«^'^'"^!tis   Negative 

it       Si-  ?•  ^myocarditis  Negative 

55       Mitral   regurgitation    Negative 

56-66  Normal  cases   (11  stools  from  3  cases)    All  Negative 

NOTES  OF  CASES 

Case  1.— Hypertrophy  and  dilatation  of  stomach.  This  was  positive  to  blood 
of  that  case  while  it  did  not  hemolyze  foreign  blood-cells. 

Case  7.— Gastric  carcinoma  was  at  first  negative,  but  a  few  days  later  proved 
to  be  positive. 

Case  19.— Amyloid  nephritis.  This  was  positive  at  first  but  later  net^ative 
as  were  Cases  26  and  27,  both  chronic  nephritis.  ° 

Case  38.— Chronic  family  jaundice.  This  was  at  first  strongly  hemolytic  and 
later  negative  while  Case  40,  hepatic  cirrhosis,  was  strong  but  not  complete. 

Case  47.— Progressive  pernicious  anemia.  This  was  complete  with  same  cells 
but  only  very  slight  with  normal  foreign  cells. 
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To  avoid  any  influence  that  might  be  brought  about  by  the  increased 
fragility  of  individual  cases,  red  blood-cells  from  a  normal  case,  that  is, 
red  blood-cells  capable  of  resisting  hemol5^sis  in  hypotonic  salt  solutions 
down  to  .44  per  cent.  NaCl,  were  used. 

It  will  be  observed  from  the  above  table  that  normal  stools  repeatedly, 
and  stools  from  progressive  pernicious  anemia  and  gastro-intestinal  dis- 
eases frequently,  were  negative,  and  that  the  results  are  not  analogous  to 
those  of  Kiilbs,  whose  procedure  was  quite  similar  to  the  above.  Nor  is 
there  any  analogy  to  the  results  of  Bloch,  who,  in  his  series  of  ten  cases, 
used  an  ethereal  and  not  a  salt  solution  extract. 

The  properties  of  the  filtrates  were  as  follows :  Light  to  dark  brown, 
of  fecal  odor  and  of  variable  reaction,  the  latter  playing  no  part  in  the 
hemolytic  action  of  the  stool.  Nor  was  there  any  association  between  the 
type  of  food  or  use  of  purgatives  and  hemolysis.  No  acholic  stools  were 
examined.  The  presence  of  indoxyl  in  the  urine,  and  of  the  phenol  and 
amido  groups  in  the  filtrates  had  no  relation  to  hemolysis,  nor  did  the 
action  of  heat  (58  C.  for  one  hour)  play  any  part.  On  prolonged  stand- 
ing the  action  became  weakened  and  finally  lost  after  seven  days. 

Fatty  acids  and  neutral  fats  were  present  alike  in  active  and  inactive 
stools,  as  were  precipitations  of  phosphates  occasionally. 

The  results  were  so  inconstant  in  iny  series  of  cases  that  I  feel  that 
no  dependence  should  rest  on  this  test,  either  as  an  aid  to  clinical  diag- 
nosis or  as  a  means  of  enlightenment  etiologically. 

In  conclusion  I  wish  to  extend  my  thanks  to  Dr.  Stengel  for  the  suggestion  of 
this  work  and  the  use  of  the  patients  in  his  wards  in  the  University  hospital  as 
well  as  to  Drs.  E.  H.  Goodman  and  Herbert  Fox  for  their  kind  assistance. 


EXPEKIMENTAL    OBSERVATIONS    ON   THE    COAGULATION 

OP   OXALATED   PLASMA,   WITH   A    STUDY   OF 

SOME     CASES     OF     PURPURA* 

J.  HAROLD  AUSTIN,  M.D.,  and  O.  H.  PERRY  PEPPER,  M.D. 

PHILADELPHIA 

Stimulated  by  Whipple's^  study  of  the  blood-plasma  of  purpura,  and 
also  by  the  availability  of  a  few  patients  with  purpuric  manifestations, 
we  undertook  the  study,  from  the  point  of  view  of  clinical  adaptability, 
of  the  methods  of  determining  the  coagulation  properties  of  the  blood- 
plasma  of  purpura.  We  found  it  necessary,  however,  in  connection  with 
this  work,  to  study  in  detail  the  general  principles  of  coagulation,  and 
we  therefore  present  our  results  under  the  two  general  heads  of  (1) 
"Experimental"  and  (2)  "Clinical  Studies." 

EXPERIMENTAL  STUDIES 

In  the  course  of  our  early  work  we  were  impressed  with  the  ease  of 
preparing  from  dog's  blood-cells  a  solution  with  great  thromboplastic 
activity  and  comparatively  so  free  from  prothrombin  or  thrombin  as  to 
be  available  as  a  source  of  thromboplastin  in  clinical  studies.  This 
solution  was  prepared  as  follows :  From  a  normal  dog  that  had  fasted 
twenty-four  hours,  blood  from  the  jugular  vein  was  allowed  to  flow  into 
a  1  per  cent,  sodium  oxalate  solution  in  the  proportion  of  nine  parts  of 
the  former  to  one  of  the  latter,  which  was  immediately  centrifugalized. 
The  clear  plasma  was  drawn  off  and  preserved;  the  cells  were  washed, 
three  times  with  0.85  per  cent,  sodium  chlorid  solution  and  then  diluted 
with  three  volumes  of  distilled  water.  When  hemolysis  had  occurred, 
0.85  gram  of  sodium  chlorid  was  added  for  each  100  c.c.  of  distilled 
water.  This  is  quite  similar  to  the  solution  of  platelets  prepared  by 
Bay ne- Jones;  we  have  not,  however,  for  our  purposes  found  any  advan- 
tage in  isolating  the  platelets  in  pure  form. 

To  determine  whether  this  solution  contained  any  considerable 
amount  of  thrombin  or  available  prothrombin  it  was  mixed  with  a  solu- 

*Aided  by  a  grant  from  the  Committee  on  Scientific  Investigation  of  the 
American   Medical   Association. 

*rrom  the  medical  wards  of  the  University  Hospital  and  the  John  Herr  Musser 
Department  of  Research  Medicine,  University  of  Pennsylvania. 

*Submitted  for  publication  in  The  Archives  Jan.  21,  1913. 
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tiou  of  pure  fibrinogen  prepared  according  to  Howell's-  method,  except 
that  dog's  plasma  was  used  instead  of  cat's  plasma,  as  follows :  0.5  c.c. 
fibrinogen  solution  -f  0.5  c.c.  blood-cell  solution  -)-  0.3  c.c.  CaCU  solu- 
tion (2  per  cent.).  Xo  clotting  occurred  in  an  hour,  thus  proving  this 
solution  to  be  free  from  thrombin  or  uncombined  prothrombin. 

To  determine  coagulation  time  the  mixture  to  be  tested  was  placed 
in  a  small  test-tube  and  mixed  by  shaking.  Once  every  half  minute, 
from  the  time  the  calcium  was  added,  a  platinum  loop  was  dipped  into 
the  mixture  and  the  beginning  of  coagulation  was  arbitrarily  fixed  as 
the  time  when  first  a  strand  of  fibrin  could  be  drawn  out  of  the  fluid  by 
the  platinum  loop.  The  platinum  loop  was  then  laid  aside  and  once  a 
minute  the  test-tube  was  tilted  until  it  could  be  turned  upside  down 
without  change  of  position  of  the  clot;  the  time  when  this  was  possible 
was  taken  as  the  time  of  complete  coagulation.  This  was  the  routine 
procedure  in  all  experiments. 

To  determine  whether  the  blood-cell  solution  contained  any  fibrinogen 
it  was  tested  with  a  solution  containing  thrombin,  obtained  as  follows: 
To  1  c.c.  of  dog's  oxalated  plasma  was  added  0.3  c.c.  of  calcium  solution. 
When  clotting  was  entirely  completed  the  clot  was  removed  and  the  fluid 
pressed  from  it.  The  resulting  clear  serum  remained  free  from  clot  for 
an  hour,  but  when  added  to  fibrinogen  solution  clotting  occurred.  This 
serum  was  added  with  calcium  to  the  blood-cell  solution,  as  follows : 
0.5  c.c.  blood-cell  solution  -j-  0.5  c.c.  serum  -|-  0.3  c.c.  calcium  solution. 
N'o  clotting  occurred  in  an  hour,  proving  the  blood-cell  solution  to  be 
free  from  fibrinogen. 

That  this  solution  shows  the  properties  of  Howell's  thromboplastin 
is  clearly  demonstrated  in  the  accompanying  experiment  (Table  1)  with 
dog's  oxalated  plasma  (Dg),  which,  on  standing  in  the  ice-chest  for  a 
few  days,  had  lost  some  of  its  original  activity. 


Table  1.- 

—Experiment  Demox 

STRATI XG 

ACTIOX 

Upon  D 

do's  Plasma 

Plasma  D, 

Blood-Cell 

Calcium 

Be 

gins. 

Complete, 

c.c. 

Solution, 

Solution, 

Minutes 

Minutes 

c.c. 

c.c. 

0.5 

0.15 

7 

15 

0.375 

0.125 

0.15 

1% 

3 

0.25 

0.25 

0.15 

Vo 

2 

0.125 

0.375 
0.5 

0.15 
0.15 

1 

11/2 

*None  in  1 

hour. 

Further  experiments  with  this  blood-cell  solution  follow : 
On  removing  the  clot  that  had   formed   after   adding  calcium   to 
plasma  D,,  a  serum  was  left  wliich  would  not  cause  the  clotting  of  a 


2.  Howell,  W.  H. :  The  Preparation  and  Properties  of  Thrombin.  Together 
with  Observations  on  Antithrombin  and  Prothrombin.  Am.  Jour.  Physiol.,  1910, 
xxvi,  453. 
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solution  of  fibrinogen.     On  the  subsequent  addition,  however,  of  the 
blood-cell  solution  clotting  was  prompt;  for  example: 

0.5  c.c.  fibrinogen  solution  +  0.5  c.c.  serum  D^  +  0.3  c.c.  calcium;  no  clotting 
in  seventeen  minutes. 

On  adding  0.5  c.c.  blood-cell  solution:  Clotting  begins,  three  minutes;  com- 
plete, four  and  one-half  minutes. 

This  experiment  was  repeated  with  a  slight  variq^tion  as  follows: 

0.5  c.c.  fibrinogen  solution  -{-  0.5  c.c.  blood-cell  solution  +  0.3  c.c.  calcium;  no 
clotting  in  eighteen  minutes. 

On  adding  0.5  c.c.  serum  D2  clotting  begins,  two  minutes;  complete,  four 
minutes. 

A  slightly  different  result  was  obtained  when  the  blood-cell  solution 
and  serum  D,  and  calcium  were  allowed  to  stand  together  with  the 
subsequent  addition  of  fibrinogen  solution;  thus: 

0.5  c.c.  blood-cell  solution  -f-  0.5  c.c.  serum  Dj  -j-  0.3  c.c.  calcium. 
No  clotting  in  fourteen  minutes.     On  then  adding  0.5  c.c.  fibrinogen  solution 
a  small  distinct  clot  formed  after  18  minutes,  but  never  clotted  solidly. 

It  is  evident  that  clotting  occurred  only  when  all  four  solutions  were 
combined,  the  fibrinogen,  the  serum,  the  blood-cell  solution  and  calcium ; 
no  three  of  these  sufficed  to  produce  coagulation. 

The  explanation  which  we  offer  for  these  experiments  is  based  on 
Howell's  theory.  On  standing  in  the  cold  the  prothrombin  of  plasma  Do 
was  to  a  considerable  extent  bound  by  antithrombin,  causing  a  delayed 
clotting  time.  On  the  addition  of  blood-cell  solution,  however,  the 
prothrombin-antithrombin  combination  was  broken  up  and  prothrombin 
rendered  available.  In  the  serum  left  after  clotting  plasma  D,,  all  the 
prothrombin  is  apparently  combined  with  antithrombin  and  is  inactive 
until  set  free  by  the  addition  of  the  blood-cell  solution. 

"With  a  view  to  determining  the  source  of  this  thromboplastin  in  the 
blood-cell  solution,  the  blood-cells  of  oxalated  plasma  were  centrifuged. 
White  blood-cells  from  the  upper  layer  were  collected  and  after  repeated 
washing  treated  with  three  volumes  of  distilled  water.  Erythrocytes 
from  the  bottom  of  the  centrifuge  tube  were  collected  separately,  and 
after  washing,  were  hemolyzed  in  three  volumes  of  distilled  water.  The 
remaining  cells  of  the  middle  layer  were  then  mixed  and  similarly  washed 
and  hemolyzed.  These  three  solutions  so  obtained  were  then  tested  in 
ascending  dilutions  for  their  power  of  accelerating  the  coagulation  of 
a  dog's  oxalated  plasma;  This  power  was  found  to  disappear  in  each 
of  the  three  solutions  at  approximately  the  same  dilution.  The  throm- 
boplastin was  not,  therefore,  derived  exclusively  from  the  leukocytes, 
nor  erythrocytes,  but  can  be  obtained,  as  also  shown  by  flowelP  and  by 


3.  Howell,  W.  H. :   The  Nature  and  Action  of  the  Thromboplastic  Substance 
of  the  Tissues.    Am.  Jour.  Physiol.,  1912,  xxxi,  1. 
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Bayne-Jones/  from  any  of  the  blood-cells,  but  particularly  from  the 
blood-platelets. 

For  our  purpose,  the  study  of  clinical  cases,  this  solution  of  thrombo- 
plastin is  to  be  preferred  to  the  commonly-used  tissue  extracts,  because 
of  its  greater  ease  of  preparation  and  its  greater  activity. 

To  determine  whether  the  destruction  of  prothrombin  or  its  fixation 
by  antithrombin  could  be  hastened  by  exposure  of  the  dog's  oxalated 
plasma  to  heat,  the  plasma  was  kept  at  47  C.  for  half  an  hour.  This 
usually  retarded  coagulation  (see  Table  2),  but  the  effect  varied  in  differ- 
ent plasmas. 

Table  2. — Retardation  of  Coagulation  by  Subjecting  Dog's  Oxalated 

Plasma  to  Heat 

Clotting 

Plasma  D,,  c.c.  CaCL,  c.c.  Begins,  Minutes         Complete,  Minutes 

1  0.3  3  5 

1*  0.3  4  C 

If  0.3  9  18 

*After  heating  to  47  C.  for  15  minutes. 
fAfter  heating  to  47  C.  for  30  minutes. 

If,  however,  such  a  heated  plasma  was  allowed  to  stand  at  room- 
temperature  for  twenty-four  hours,  clotting  either  did  not  occur  on  the 
addition  of  calcium  solution,  or  was  very  much  delayed  (see  Table  3  [3] ). 
The  thromboplastin  solution,  however,  still  exerted  a  markedly  accelerat- 
ing effect  on  the  coagulation  of  such  heated  plasma  (see  Table  3  [4]) 
and  restored  the  coagulation  time  to  a  point  close  to  that  found  before 
heating  (see  Table  3  [1  and  3]). 

Table  3. — Retardation  of  Clotting  of  Heated  Plasma  After  Standing  for 

Twenty-Four  Hours 

Clotting 

Plasma  D^,  CaClj,      Thromboplastin       Begins,  Complete, 

CO.  c.c.  Solution,  c.c.         Minutes  ]Minutes 

1 1  0.3  ....  2  414 

2 0.75  0.3  0.25  1^^  2 

3 1*  0.3  ....  t 

4 0.75*  0.3  0.25  2%  3 

*Plasma  D5  heated  at  47  C.  for  one  hour  and  kept  at  room  temperature  24 
hours,     t^o  clot  in  30  minutes. 

The  addition  of  one  drop  of  thromboplastin  to  Tube  3  after  it  had 
stood  for  thirty  minutes  with  no  clotting,  caused  clotting  to  commence 
in  two  and  one-half  minutes;  complete  clotting  occurred  in  five  minutes. 
It  would  appear  that  the  higher  the  temperature  at  which  the  oxalated 
plasma  is  allowed  to  stand,  up  to  58  C,  the  more  rapid  and  the  more 

4.  Bayne-Jones,  S. :  The  Presence  of  Prothrombin  and  Thromboplastin  in  the 
Blood  Platflets.     Am.  Jour.  Phvsiol.,  1912,  xxx,  74. 
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complete  is  the  disappearance  or  fixation  of  its  available  prothrombin. 
An  abundance  of  prothrombin  is.  however,  rendered  available  again  on 
addition  of  a  thromboplastin  solution.  In  this  connection  it  is  of  inter- 
est to  note  that  Blaizot^  has  shown  that  an  antithrombin  develops  in 
dog's  oxalated  plasma  on  standing  in  the  cold. 

IXFLUEXCE    OF    HEMOGLOBIN    IX    THE    PLAS:MA    OX    THE    ESTIMATIOX    OF 

FIBEIXOGEX 

The  observation  that  when  the  thromboplastin  solution  is  heated  to 
58  to  60  C,  a  marked  precipitation  occurs,  called  attention  to  a  possible 
occasional  source  of  error  in  the  estimation  of  fibrinogen  by  Whipple's 
method.^  The  following  experiment  in  which  a  blood-cell  solution  and 
oxalated  plasma  have  each  been  treated  as  in  Whipple's  method  illus- 
trates this : 

Five  c.c.  of  the  thromboplastin  solution  were  placed  in  a  graduated 
centrifuge  tube.  A  like  quantity  of  a  dog's  clear  oxalated  plasma  was 
placed  in  a  similar  tube.  Both  tubes  were  kept  in  a  water-bath  at  58  to 
60  C.  for  fifteen  minutes  and  then  centrifuged  for  twenty-five  minutes. 
In  the  tube  containing  the  plasma  was  found  a  sediment  of  0.2  c.c.  of 
coagulated  fibrinogen ;  in  the  tube  containing  the  hemolyzed  blood-cells, 
a  sediment  of  1.8  c.c.  We  have  already  seen  that  the  blood-cell  solution 
is  quite  free  from  fibrinogen  (see  above).  It  is  evident,  therefore,  that 
proteins  other  than  fibrinogen,  which  are  coagulated  at  58  to  60  C,  are 
liberated  from  the  blood  cells  on  laking.  The  estimation  of  fibrinogen 
bv  heating  to  this  temperature,  therefore,  becomes  inaccurate  if  the 
plasma  shows  the  least  evidence  of  being  tinged  with  hemoglobin. 

CLIX"ICAL  STUDIES 

In  the  clinical  study  of  coagulation  we  believe  that  advantage  can  be 
taken  of  the  thromboplastin  solution  described  above  for  demonstrating 
the  presence  of  prothrombin  combined  with  antithrombin,  and  that  this 
is  an  excellent  method  for  detecting  an  increase  in  the  antithrombin  of 
the  blood. 

For  the  clinical  study  of  coagulation  we  would,  therefore,  suggest  the 
following  steps  in  addition  to  a  complete  blood  count  and  a  careful 
enumeration  of  the  blood-platelets :® 

1.  Estimation  of  the  coagulation  time  of  a  drop  of  blood  from  the  finger  with  one 

of  the  clinical  coagulometers. 

2.  Take  20  c.c.  of  blood  from  a  vein  of  the  arm  and  mix  with  2  c.c.  of  1  per  cent. 

sodium  oxalate  solution  and  centrifugalize. 


5.  Blaizot,  L:  Extractions  de  substances  anticoagulants  du  plasma  normal  de 
chien.  Compt.  rend  Soc.  de  Biol.,  1911.  Ixx.  560. 

6.  Duke,  W.  W.:  The  Pathogenesis  of  Purpura  Hemorrhagica  with  Especial 
Reference  to  the  Part  Played  by  the  Blood-Platelets.  The  Archives  Int.  Med., 
1912.  X.  445. 
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(a)  To   1   c.c.  of  plasma  so  obtained  add   0.3  c.c.  of  a  2  per  cent,  calcium 

chlorid   solution   and   determine  beginning  and   complete  clotting.     If 
delayed, 

(b)  To  0.75  c.c.  of  the  original  plasma  add  0.25  c.c.  of  blood-cell  solution 

prepared  as  described,  and  0.3  c.c.  of  2  per  cent,  calcium  chlorid,  and 
determine  beginning  and  complete  clotting.    If  delayed, 

(c)  To  0.5  c.c.  of  plasma  add  0.5  c.c.  pure  fibrinogen  solution  and  0.3  c.c. 

of  2  per  cent,  calcium  chlorid  solution  and  determine  beginning  and 
complete  clotting. 

A  delay  in  (1)  but  not  in  (2-a)  suggests  that  there  is  not  sufficient 
calcium  available  in  the  blood  for  normal  coagulation,  but  that  the  other 
constituents  are  normal;  a  delay  in  (2-a)  but  not  in  (2-b)  suggests  that 
much  of  the  prothrombin  present  is  bound  by  antithrombin  and  is 
therefore  inactive.  A  poor  coagulation  in  (1),  (2-a)  and  (2-b)  but  good 
in  (2-c)  suggests  that  there  is  a  deficiency  of  fibrinogen  which  can  be 
further  confirmed  at  (3)   (see  below). 

A  delay  in  (1),  (2-a),  (2-b)  and  (2-c)  suggests  a  deficiency  of  pro- 
thrombin, bound  or  unbound,  with  or  without  a  deficiency  of  fibrinogen. 

3.  Precipitate  fibrinogen  in  10  c.c.  of  plasma  by  heating  to  58  to  60  C.  for  15 
minutes  on  a  water  bath.  Centrifugalize  in  a  graduated  tube  for  25  minutes 
and  read  amount  of  sediment  in  volume  per  cent.  This  method  is  useless  if 
plasma  is  discolored  with  hemoglobin   (see  above). 

It  may  be  noted  here  that  a  poor  filmy  clot  may  result  quite  as 
readily  from  a  lack  of  thrombin  as  from  a  lack  of  fibrinogen  in  spite  of 
statements  in  the  literature  to  the  contrary.  We  have  repeatedly  observed 
this  type  of  clot  in  working  with  solutions  of  pure  fibrinogen  in  abund- 
ance, but  containing  only  a  trace  of  thrombin. 

This  is  shown  by  the  following  experiment: 

Plasma  D,  was  clotted  in  the  usual  manner  and  the  serum  was  expressed  from 
the  clot.  On  the  addition  of  fibrinogen  to  the  serum  another  clot  formed  and 
serum  was  again  expressed;  this  was  repeated  several  times,  the  clot  becoming 
poorer  and  smaller  each  time.  An  excess  of  calcium  was  constantly  maintained. 
The  addition  of  fibrinogen  solution  to  the  expressed  serum  finally  resulted  in 
merely  a  few  threads  of  clot  after  thirty  minutes,  due  to  the  exhaustion  of  the 
thrombin. 

CLINICAL   CASES 

Of  the  twelve  patients  whom  we  have  studied  clinically,  five  showed 
purpura,  one  jaundice  and  one  severe  anemia;  the  other  five  were  con- 
trols of  various  kinds.  The  five  patients  showing  purpura  were  of 
various  types.    Our  studies  of  three  will  be  described  in  detail. 

The  first  is  a  woman,  aged  24,  who  throughout  her  life  had  been  subject  to 
subcutaneous  hemorrhagic  extravasations.  These  had  not  disturbed  her  until 
the  previous  five  years,  during  which  time  the  appearance  of  the  extravasations 
had  been  preceded  by  pain,  usually  localized  to  that  portion  of  the  body  where 
the  purpuric  manifestations  later  appeared.  Her  general  health  had  not  been 
affected.  She  gave  the  interesting  history  that  three  sisters,  her  mother  and  a 
maternal  aunt  have  all  presented  similar  purpuric  lesions;  only  the  aunt,  how- 
ever, suffered  pain  at  the  time  of  the  attacks. 
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The  examination  of  the  patient's  blood  showed :  Hemoglobin,  69  per  cent. ;  red 
blood-cells,  4.580.000:  leukocytes,  8,400.  Differential  count:  Polymorphonuclears, 
57  per  cent.:  small  lymphocytes,  36  per  cent.;  large  mononuclears,  2  per  cent.; 
transitionals,  1  per  cent.;  eosinophils,  2  per  cent.;  basophils,  2  per  cent.  Blood 
platelets  (preserved  by  formaldehyd  solution)  215.300  per  c.mm.  Fragility  of 
erythrocytes  in  hypotonic  sodium  chlorid  solution : 

XaCl  Solution — Per  Cent.  


0.3  0.35  0.4  0.45 

Reading  after  1  hour  +  ±  ±  — 

Reading  after  24  hours +  +  —  — 

Coagulation  of  blood:  Bogg's  coagulometer,  eight  minutes  (average  of  three 
readings).     Wassermann  reaction,  negative   (examination  by  Dr.  John  Laird). 

STUDY  OF  OXALATED  PLASJfA 

Coagulation  time  was  as  follows:  1  c.c.  plasma  +  calcium  0.3  c.c;  clotting 
began  in  sixteen  minutes;  complete  in  twenty-seven  minutes.  The  influence  of 
thromboplastin  was  shown  as  follows:  0.75  c.c.  plasma  +  thromboplastin  solu- 
tion 0.25  c.c.  -}-  calcium  0.3  e.c;  clotting  began  in  four  minutes;  complete  in 
ten  and  one-half  minutes.  Equal  parts  of  this  plasma  and  of  normal  dog's  plasma 
clotted  as  promptly  as  the  dog's  plasma  alone.  Fibrinogen  content  was  3  per  cent. 
by  volume. 

At  a  later  examination,  after  a  month's  interval,  similar  results  were  obtained. 
The  red  blood-cell  count  was  4,520,000;  the  platelets,  226,000.  Coagulation  of  the 
blood :   Bogg's  coagulometer,  6  minutes. 

STUDY  OF   OXALATED  PLASMA  OX    SECOXD  TEST 

Coagulation  time  was  as  follows:  1  c.c.  plasma  +  calcium  0.3  c.c:  clotting 
of  her  oxalated  plasma,  which  delay  entirely  disappeared  on  addition  of  thrombo- 
plastin was  as  follows:  0.5  c.c.  plasma  +  0.5  c.c.  thromboplastin  solution  -\- 
calcium  0.3  c.c;  clotting  began  in  four  minutes;  complete  in  nine  minutes. 

This  patient  showed,  therefore,  at  two  examinations  a  delay  in  coagulation 
of  her  oxalated  plasma,  which  delay  entirely  disappeared  upon  addition  of  thrombo 
plastin.  We  are  inclined  to  believe,  therefore,  that  her  plasma  had  an  excess  of 
antithrombin. 

Another  patient  with  simple  purpura  was  a  girl  of  24  whose  history  was  nega- 
tive previous  to  two  years  before  admission.  At  that  time  purpuric  manifesta- 
tions appeared  and  have  continued  to  be  present  almost  constantly  since.  Her 
symptoms  consisted  of  hematemesis.  epistaxis,  bleeding  from  the  gums,  marked 
subcutaneous  petechiae  and  furunculosis.  A  slight  tendency  to  prolonged  bleeding 
from  cuts  had  been  noticed.  This  did  not  begin,  however,  in  childhood  and  no 
family  history  of  hemophilia  was  obtained.  Physical  examination  was  negative 
except  for  the  signs  of  severe  anemia.  Examination  of  the  blood  gave  the  results 
shown  in  Tables  4.  5  and  6. 

Table  4. — Blood-Ax.\lysis  in  a  Case  of  Purpura  Heiiorriiagica 

ri  o_:oooco3 

Date        r  t         P'-  ^-  ^-  ^         .•"=-."        d  "      2  ."^      =■  ."      ^  "      •  P 

3.000.000  7.680  74         20           5           i         _         _        — 

—  —  65         27           5           1            1            1        — 

2,500,000  7.040  59         36           3           1         —         —          1 

3,160.000  —  _______ 

4.170.000  —  ______        _ 

4.240,000  6,900  _______ 

4,950.000  8.100  _______ 

4.270,000  9.300  80         17           1           2         —         —        — 

3.700,000  6,100  82         15           1         —         —         —          2 
-6/25/12,  67,000;   7/29/12,  28,500;  8/30/12,  25,000. 


5/31/12 

20 

6/  3/12 

— 

6/  8/12 

25 

6/15/12 

30 

7/  8/12 

50 

7/18/12 

60 

7/24/12 

65 

8/  4/12 

to 

8/26/12 

07 

Platelets- 
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Table  5. — Fragility  of  Red-Cells 


XaCl, 

Reading* 

Reading 

Readingt 

Readingt 

Per  Cent. 

After 

After 

After 

After 

2  Hours 

24  Hours 

1/2  Hour 

24  Hours 

0.2 

100 

100 

100 

100 

0.3 

100 

100 

100 

100 

0.325 

+  +  + 

100 

0.35 

+  + 

+  +  + 

+  + 

+  + 

0.375 

+  + 

+  + 

tr. 

tr. 

0.4 

+  + 

+  + 

tr. 

tr. 

0.425 

+ 

+ 

0.45 

+ 

+ 

0 

0 

0.475 

tr. 

tr. 

0.5 

ft.  tr. 

ft.  tr. 

0 

0 

0.525 

0 

ft.  tr. 

0.55 

0 

ft.  tr. 

0 

0 

0.6 

0 

ft.  tr. 

^■6/18/12.  t8/8/12. 

Wassermann  Reaction:  Negative   (Dr.  Laird). 

Blood-Culture:  Mycobacterium  Hoffmann!  (Examination  by  Dr.  Herbert  Fox). 

Coagulation  of  Blood:  Using  the  Biffi-Brooks  instrument,  coagulation  was 
found  to  commence  in  six  minutes  and  to  be  completed  in  twelve  minutes. 

Coagulation  of  oxalated  plasm,  as  determined  by  a  number  of  readings,  was 
between  four  and  one-half  and  six  minutes  for  the  beginning  and  nine  and  one- 
half  and  twelve  for  the  complete  clotting.    This  is  within  normal  limits. 

This  plasma,  as  tested  on  June  15,  1912,  had  no  influence  on  the  clotting  of 
normal  dog's  plasma   ( see  Table  6 ) . 

Table  6. — Effect  of  Plasma  from  Puepuric  Patient  on  Coagulation  of 

Dog's  Plasma 


Plasma  B., 

Plasma  Dog, 

CaCL,  2% 

Begin, 

Complete 

c.c. 

c.c. 

c.c. 

Minutes 

Minutes 

1 

0.3 

3 

6% 

0.05 

0.95 

0.3 

3 

51/0 

0.25 

0.75 

0.3 

3 

5V2 

0.5 

0.5 

0.3 

3 

6 

0.75 

0.25 

0.3 

4 

91/2 

0.95 

0.05 

0.3 

4% 

111/2 

1 

— 

0.3 

4V4: 

91/2 

The  fibrinogen  content  of  the  slightly  hemoglobin-stained  plasma  was  found 
to  be  a  little  less  than  10  per  cent,  by  volume,  but  this  high  reading  was  doubt- 
less due  to  contamination  of  the  plasma  with  products  of  hemolysis. 

Everything  is  normal  in  this  case  except  the  severe  secondary  anemia  and  the 
marked  reduction  of  platelets.  We  have  normal  coagulation,  which  is  the  usual 
finding  in  purpura,  and  indeed  it  may  truly  be  said  that  the  factor  determining 
purpura  is  not  constantly  involved  in  coagulation  as  studied  in  oxalated  plasma. 

Very  similar  findings  were  shown  in  a  patient  with  hemophilia,  a  woman 
aged  30,  who  was  admitted  suffering  from  persistent,  profuse  metrorrhagia  with  a 
resulting  anemia.  A  history  of  hemophilia  in  the  patient  and  the  patient's  father 
was  obtained.  This  transmission  of  hemophilia  from  father  to  daughter,  with 
appearance  of  symptoms  in  the  daughter,  while  not  the  usual  history,  has  been 
observed.    The  blood  showed : 

Aug.  10,  1912:  Hgb.,  37  per  cent.;  R.  B.  C,  2,140,000;  W.  B.  C,  11,700;  Poly., 
87  per  cent.;  Lymph.,  11  per  cent.;  Mono.,  2  per  cent.;  Trans,  — ;   Eosin.,  — . 

Aug.  16,  1912:  Hgb.,  38  per  cent.;  R.  B.  C,  2,430,000;  W.  B.  C,  12,100;  Poly., 
79  per  cent.;  Lypmh.,  14  per  cent.;  Mono.,  — ;  Trans.,  6  per  cent.;  Eosin.,  1  per 
cent. 

Morphologj',  normal,  no  nucleated  forms  of  erythrocytes.     Platelets,  37,000. 
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Fragility:   NaCl   per  cent 0.25         0.3         0.35         0.4         0.45         0.5 

Reading  after  20  min. +  +  ±  —  —  — 

Reading  after  24  hours   +  +  ±:  ±  —  — 

Coagulation  of  the  blood  measured  with  the  Biffi-Brooks  eoagulometer  gave 
beginning  coagulation  in  eight,  and  complete  coagulation  in  fifteen  minutes. 

Here  again  a  normal  coagulation  time  was  seen  in  the  presence  of  a  reduced 
platelet  count. 

Among  the  cases  observed  was  one  of  cholelithiasis  with  intense  jaundice  of 
over  a  month's  duration.     The  blood-count  was  normal. 

Hgb.,  70  per  cent.;  R.  B.  C,  4,000,000;  W.  B.  C,  5,300;  differential:  Poly.,  64 
per  cent.;  Lymph.,  27  per  cent.;  Mono.,  5  per  cent.;  Trans.,  2  per  cent.;  Eosin., 
1  per  cent.;   Baso.,  1  per  cent. 

The  clotting  time  of  the  blood  of  this  case  was  moderately  delayed  as  estimated 
with  the  Biffi-Brooks  instrument,  clotting  commencing  but  little  before  ten 
minutes.  On  the  other  hand,  the  oxalated  plasma,  on  the  addition  of  an  excess 
of  calcium  chlorid,  clotted  unusually  rapidly  in  two  and  one-half  minutes.  Here 
the  delayed  coagulation  time  as  measured  in  the  whole  blood  was  unquestionably 
due  to  tiie  union  of  the  calcium  of  the  blood  with  bile  pigments.  Pure  bile  added 
to  normal  plasma  in  vitro  does  not  delay  the  time  of  coagulation  in  the  presence 
of  an  excess  of  freshly  added  calcium  solution,  but,  on  the  contrary,  slightly 
accelerates  it  as  do  many  foreign  solutions.    The  following  protocol  is  illustrative: 

Plasma  D3,  Bile  Solution,  CaCL,  2%  Begin,  Complete, 

c.c.                         c.c.                             c.c.  Minutes  Minutes 

1                                 _                          0.6  3                                41/2 

0.95                          0.05                          0.6  11/^                            2 

0.75                          0.25                          0.6  2                                3 

0.5                               0.5                          0.6  2                              15 

In  lower  dilutions  no  clotting  occurred.  If,  however,  the  solution  of  bile  is 
allowed  to  act  for  ten  minutes  on  the  calcium  solution  before  the  resulting  mixture 
is  added  to  the  plasma,  there  is  very  distinct  delay  of  complete  coagulation  and 
such  clot  as  is  found  is  poor  and  filmy. 

CONCLUSIONS 

1.  A  solution  of  liemolyzed  blood-cells  is  the  most  readily  prepared 
and  active  thromboplastic  solution. 

2.  A  delay  in  coagulation  time  of  oxalated  plasmas  occurs  on  heating 
or  standing.  This  is  due  to  the  formation  of  antithrombin,  and  to  the 
union  of  antithrombin  with  prothrombin.  The  coagulation  time  in  such 
plasmas  is  greatly  hastened  by  the  addition  of  thromboplastin  solution. 

3.  The  presence  of  hemoglobin  in  a  plasma  is  a  source  of  error  in  the 
determination  of  fibrinogen  by  Whipple's  method. 

4.  The  scheme  presented  for  the  study  of  clinical  cases  is  easily 
carried  out  and  covers  the  essential  points  included  in  the  present  knoAvl- 
edge  of  this  subject. 

5.  No  method  of  study  has  as  yet  offered  a  satisfactory  explanation 
of  purpura. 
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ANN    ARBOR 

Tlie  large  number  of  case  reports  of  liiDg  and  bronchial  neoplasms 
which  have  appeared  in  the  literature  in  the  last  two  j^ears  gives  evidence 
of  a  renewed  interest  in  this  subject.  Two  factors  have  served  to  dra'w 
attention  to  its  impoi'tance.  There  has  been  a  growing  realization  of 
the  fact  that  bronchial  and  pulmonary  carcinomata  are  by  no  means  as 
rare  as  was  once  thought,  and  the  developing  possibilities  of  intrathoracic 
surgery  have  made  their  early  diagnosis  a  matter  of  more  than  scientific 
curiosity.  It  is  hoped  that  the  analysis  of  a  large  number  of  carefully 
selected  cases  of  primary  carcinoma  of  the  larger  bronchi  will  aid  in 
forming  a  definite  clinical  picture  for  this  condition  and  in  taking  it 
out  of  the  mixed  group  of  lung  and  bronchial  neoplasms  in  which  it  has 
usually  been  considered.  Even  Adler/  who  has  written  the  most  exten- 
sive of  the  recent  monographs  on  the  subject,  does  not  attempt  to  sepa- 
rate the  two  types  in  his  list  of  cases. 

Several  attempts  have  been  made  to  collect  from  the  literature  the 
cases  of  primary  carcinoma  of  the  lungs  and  bronchi.  Eeinhard-  found 
25  cases  in  1878,  Wolf=*  31  cases  in  1895,  and  Adler^  374  cases  in  1911. 
These  authors,  however,  admitted  to  their  lists  cases  without  micro- 
scopical verification  of  their  carcinomatous  nature.  In  1891,  Werner* 
could  find  but  nine  cases  fully  verified,  while  in  1896  Passler^  listed 
about  70  such.  In  differentiating  between  carcinoma  and  sarcoma,  in 
ruling  out  tuberculous  processes,  and  especially  in  examining  metastases 
and  considering  the  possibility  of  a  primary  growth  elsewhere,  micro- 
scopical examinations  become  necessary,  and  a  statistical  study  loses  in 
value  in  proportion  as  it  includes  unverified  cases. 

Wolf-  separated  the  cases  which  he  listed  into  those  primary  in  the 
lung  parenchyma  and  those  liaving  their  origin  from  the  lai'ger  broiu  hi. 


'Manuscript   submitted   for   publication   in   The   Akchivks  .Tan.   21,   lltl.*?. 
*From  the  Patliolojiical  Laboratory  of  the  University  of  Michigan,  Ann  Arbor, 
Michigan. 
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He  placed  twenty-three  of  his  thirty-one  cases  in  the  second  group.  It 
is  often  found  impossible  to  determine  even  roughly  the  point  of  origin 
of  the  growth,  because  of  the  enormous  size  of  the  neoplasm  and  the 
widespread  involvement  of  surrounding  structures,  but  there  is  a  large 
group  in  which  the  bronchial  origin  may  be  established.  Obviously  the 
symptomatology  of  these  cases  differs  very  much  from  that  of  cases  in 
which  the  neoplasm  is  located  in  the  peripheral  portions  of  the  bronchial 
tree.  This  difference  has  been  referred  to  by'Passler,^  but  he  does  not 
group  the  cases  accordingly  in  compiling  his  clinical  statistics. 


Fig.  1. — Right  lung  showing  right  main  bronchus  (Br.)  cut  across.  Its  lumen 
is  much  reduced  by  the  surrounding  carcinomatous  infiltration. 

It  is  the  purpose  of  this  study  to  collect  the  authenticated  cases  of 
primary  carcinoma  of  the  larger  bronchi  and  investigate  the  pathological 
and  clinical  features  of  this  group.  Only  those  cases  meeting  the  follow- 
ing requirements  have  been  admitted: 

1.  An  autopsy  must  have  been  performed. 

3.  The  carcinomatous  nature  must  have  been  verified  microscopically. 

3.  There  must  be  no  reasonable  suspicion  that  the  neoplasm  is  not  a 
primary  growth. 
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4.  There  must  be  good  evidence  of  bronchial  origin.  This  may  be 
found  either  in  the  gross  relationship  of  the  tumor  to  a  bronchus  or  in 
the  microscopical  relationship  of  the   neoplasm   to  In'onchial  elements. 

As  far  as  possible  the  following  list  has  been  made  to  include  all 
cases  meeting  the  above  tests.  The  original  reports  have  been  used 
wherever  access  could  be  had  to  them,  but  full  acknowledgment  is  made 
of  data  from  Adler"s  recent  monograph^  in  regard  to  twenty  cases  in 
which  the  original  sources'  were  not  obtainable.  It  has  also  been  possible 
to  include  nineteen  cases  which  are  not  found  in  his  somewhat  earlier 
compilation.  Beyond  a  doubt  there  are  many  other  cases  of  bronchial 
carcinoma  in  the  literature,  but  they  cannot  find  a  place  here  because 
they  fail  to  meet  one  or  more  of  the  criteria  previously  mentioned. 

SYNOTSIS  OF  REPORTED  CASES 

1.  Allax."  1907.  M.,  38.  Pain  in  left  chest  and  arm;  dyspnea;  palpable  tumor 
at  origin  of  left  sternomastoid ;  left  pupil  contracted,  ptosis  of  left  lid.  left  vocal 
cord  fixed  in  cadaveric  position.  Left  main  bronchus  blocked  by  encircling  tumor 
mass  of  scirrhous  type,  with  large  masses  of  cells;  metastases  in  bronchial  nodes 
and  left  lobe  of  thyroid. 

2.  Beck.'  1884,  M.,  65.  Blacksmith.  Alveolar  carcinoma  of  right  main 
bronchus  and  its  branches.  Lumina  constricted;  cavity  in  right  upper  lobe;  secon- 
daries in  right  bronchial  nodes,  mediastinal  pleura,  thyroid,  liver,  both  adrenals; 
superior  vena  cava  involved  and  thrombosed:  origin  from  mucous  glands. 

3.  Beck.'  1884.,  F..  57.  charAvoman.  Primary  alveolar  carcinoma  of  right  main 
bronchus  and  its  chief  branches;  polyhedral  cells;  bronchial  nodes  at  hilus  secon- 
darily involved;  stenosis  of  superior  vena  cava;  origin  from  bronchial  mucous 
glands. 

4.  BoECKER."*  1910.  F..  S3,  housewife.  Tumor  mass  reaching  from  hilus  to 
pleura  in  right  lower  lobe;  situated  about  two  medium  sized  bronchi;  alveolar  in 
structure  with  mucus  formation;  secondaries  in  tracheal  and  cervical  nodes  (?) 
not  miCTOScopically  examined. 

5.  Boyd."  1887.  M.,  38.  Bottle-blower.  Cough,  dyspnea,  cyanosis,  blood-tinged 
sputum,  veins  of  forehead  and  neck  dilated;  edema  of  right  arm  and  face;  voice 
hoarse  and  aphonic ;  carcinoma  extending  to  the  right  from  region  of  bifurcation 
and  compressing  vena  cava. 

6.  Dei.orme  ^»  (After  Adler).  1901.  M..  25.  Cough,  fever,  blood  tinged  s])utum; 
dilated  veins;  paralytic  symptoms;  secondary  nodules;  cylindric  celled  carcinoma 
of  left  chief  bronchus;  secondaries  in  pericardium,  pleura,  skull,  suprarenals, 
liver,  various  long  bones,  sternum,  ribs  and  lymph -nodes. 

7.  Davls  axd  Le  Count."  1908.  M.,  58.  Saloonkeeper.  Cough,  blood-streaked 
sputum;  glandular  masses  in  neck  and  axilla;  dulness  and  increased  fremitus 
over  upper  left;  hoarseness,  dyspnea,  cyanosis;  paralysis  of  left  vocal  cord;  car- 
cinoma of  left  main  bronchus,  in  part  adenomatous  with  mucin-like  content; 
origin   from   mucous  glands. 


6.  Allan,  G.  A.:   Lancet.  London.   1907.   ii.  961. 

7.  Beck:   Ztschr.  f.  llcilk.,   1884.  v. 

8.  Boecker,    £. :     Zur    Kenntniss    dcr    ]niniaren     Lungcnkarzinome.      Inaug. 
Dissert.,  Berlin,   1910. 

9.  Boyd:    Lancet,   London,   1887.  ii,   60. 

10.  Uelorme:    I'eber   ])rim!ires   Lungencarcinom.      Dissert..  .Tena,    1901. 

11.  Davis  and  Le  Couni  :    Cliicago  Path.  Soc,  1908.  vii.  No.  5. 
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8.  Davis  and  Le  Count."  1908.  F.,  32.  Dyspnea,  cough,  blood-stained  sputum, 
hoarseness;  left  chest  fixed  and  bulging;  mucosa  of  chief  bronchi  resembled  skin; 
left  main  bronchus  ahnost  occluded  by  squamous-celled  carcinoma ;  left  lung  air- 
less; metastases  in  tracheal  and  retro-aortic  nodes,  pleura,  liver,  both  adrenals, 
both  kidneys  and  both  ovaries. 

9.  DOMENY.^-  1902.  M.  Sharp  pain  in  left  side;  cough  with  scanty  sputum; 
medullarj'  carcinoma  of  bronchus  to  left  lower  lobe;  atelectasis  of  that  lobe; 
emphysema  of  right  lung;  secondaries  in  lymph-nodes  and  right  kidney;  origin 
from  bronchial  epithelium. 

10.  DOMENY.*-  1902.  F.,  79.  Right  hydrothorax;  carcinoma  of  left  main 
bronchus;  branch  to  lower  lobe  nearly  obstructed;  large  nests  of  polygonal  cells; 
secondaries  in  bronchial  nodes. 

11.  DOMENY.^-  1902.  M.,  41.  Pain  in  head,  auditory  and  visual  disturbances; 
choked  disk  on  both  sides;  cylindric  celled  adenocarcinoma  of  bronchus  to  left 
lower  lobe;  that  lobe  atelectatic;  seven  brain  metastases;  origin  from  mucous 
glands. 

12.  DOMENY.^-  190'2.  F.,  66.  Fever,  cough,  pain  in  right  side,  dyspnea;  dulness 
below  angle  of  scapula  on  the  right;  cylindric  celled  adenocarcinoma  of  bronchus 
to  upper  right  lobe;  secondaries  in  bronchial  and  mediastinal  nodes;  origin  from 
mucous  glands. 

13.  DOMENY.^-  1902.  M.,  29.  Pain  in  left  arm;  tumor  masses  on  ribs,  sternum 
and  cranium;  adenocarcinoma  of  bronchus  to  left  lower  lobe;  secondaries  of 
cranium,  ribs,  sternum,  liver,  retrobronchial  and  retroperitoneal  nodes,  brain, 
right  kidney;  much  mucus  formation,  especially  in  metastases;  origin  from 
mucous  glands. 

14.  DORSCH."  1886  (After  Pilssler).  F.,  54.  Two  medullary  masses  in  right 
upper  lobe,  growing  from  right  chief  bronchus  and  involving  pericardium  and 
vena  cava;  the  latter  thrombosed;  large  polymorphous  cells;  metastases  in 
lymph-nodes  at  hilus,  lung  tissue  of  same  side,  liver,  spleen,  kidneys,  sternum, 
dura  mater. 

15.  Ehrich."  (After  Adler).  1891.  M.,  51.  Dulness  over  upper  right;  hemop- 
tysis; cancerous  tissue  in  sputum;  large  node  in  right  axilla;  alveolar  carcinoma 
of  right  main  bronchus;  polymorphous  cells;  secondaries  in  pericardium,  chest 
wall,  bronchial  nodes  and  diaphragm;  origin  from  mucous  glands. 

16.  Ehrich"  (After  Adler).  1891.  F.,  56.  Clinical  diagnosis,  tumor  of 
mediastinum;  alveolar  carcinoma  of  lower  trachea,  right  chief  bronchus  and  its 
branches;  polymorphous  cells;  right  lung  atelectatic;  metastases  in  bronchial  and 
mediastinal  lymph-nodes,  left  lung,  liver,  heart. 

17.  Ernst.^^  1896.  M.,  50.  Cerebral  symptoms,  cough  and  mucopurulent 
sputum;  bronchus  to  right  upper  lobe  occluded  by  papilliferous  growth;  squa- 
mous-celled carcinoma ;  metastases  in  left  adrenal,  cerebrum  and  cerebellum. 

18.  Frankel.'*'  1904.  M.,  52.  Laborer.  Pain  in  left  chest;  cough;  blood- 
stained sputum;  enlarged  inguinal  gland  found  to  be  carcinomatous;  occlusion 
of  left  main  bronchus  by  cylindric  celled  carcinoma;  secondaries  in  inguinal  and 
tracheal  nodes. 

19.  Fkankel.^"  M.,  40.  Chill,  high  fever,  dyspnea;  mucopurulent  sputum, 
later  dirty  brown;  bronchus  to  right  lower  lobe  nearly  occluded  by  a  cylindric- 
celled  carcinoma;   bronchiectasis;   secondary  involvement  of  nodes  at  hilus. 


12.  Domeny:    Ztschr.  f.  Heilk.,  Wien,   1902,  xxiii,  407. 

13.  Dorsch:    Ein   Fall  von   primjiren   Lungenkrebs,   Inaug.   Dissert.,  Tubingen, 
1886. 

14.  Ehrich:    Ueber    das    primjire    Bronchial-    und    Lungencarcinom.      Dissert., 
Marburg,   1891. 

15.  Ernst,  P.:   Beitr.  z.  path.  Anat.,  etc.,  Jena,  1896,  xx,   155. 

16.  Frankel,  A.:  Spezielle  Pathologie  u.  Therapie  der  Lungenkrankheiten,  1904. 


318  TEE     ARCHIVES     OF     INTERNAL     MEDICINE 

20.  Friedlander"  (after  Passler).  1885.  M.  White  medullary  mass  pro- 
ceeding from  left  upper  lobe  bronchus;  no  metastases;  squamous-celled  carcinoma 
with  epithelial  pearls. 

21.  Garbat.^*  1909.  M.,  64.  Insurance  agent.  Asthenia,  emaciation,  cough, 
blood-stained  sputum,  night  sweats;  tumor  mass  over  right  scapula  found  to  be 
carcinoma;  central  portion  of  right  lung  involved  in  mass  of  carcinomatous  growth 
with  mucus-containing  alveoli;  origin  from  mucous  glands;  secondaries  in  liver, 
both  lungs,  bronchial,  supraclavicular  and  retroperitoneal  nodes;  old  tuberculosis 
of  left  apex. 


V.  t^OA^v 


".■<   • 


^^'i"'-i.     <i\:i\'"      -v.,     ^*;         t^:^*-'^ 


'1- 


Fig.  2. — Section  from  the  bronchial  adenocarcinoma  shown  in  Fig.  1.  The 
alveolar  spaces  are  filled  with  mucin.     Zeiss  obj.  "B." 

22.  Georgi.^"  1879.  M.,  60.  Blacksmith.  History  of  trauma;  cough  developed 
with  scanty  sputum  Ijccoming  bloody;  died  one  year  later;  medullary  carcinoma 
at  liilus  of"  left  lung;  bronchiectasis;  upper  left  lung  atelectatic;  right  emphyse- 
matous;  no  metastases. 

23.  Geipel.^'"  1899.  M.,  70.  Cigar-maker.  Symptoms  of  some  severe  pul- 
monary disease;  upper  main  branch  of  left  chief  bronchus  almost  occluded  by  an 
alveolar  cylindric  celled  carcinoma;  secondaries  in  left  lower  lobe;  origin  from 
bronchial  mucosa. 


17.  Friedlander:   Fortschr.  d.  med.,  1885,  i,  307. 

18.  Garbat,  A.  L.:   Am.  .Jour.  Med.  Sc,  1909,  N.  S.,  cxxxvii,  857. 

19.  Georgi:   Berl.  klin.  Wchnschr.,  1879,  xxviii  and  xxix. 

20.  Geipel:   Central!.],  f.  AUg.  Path.  u.  path.  Anat.,  1899,  x,  848. 
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24.  GouGEROT.-'  1905.  M.,  46.  Old  tuberculosis;  dyspnea,  cougli,  mucopurulent 
sputum  with  Koch  bacilli;  dulness  in  upper  right;  polyuria;  right  main  bronchus 
obstructed  by  growth  which  extended  throughout  upper  portion  of  lung;  squamous 
celled  carcinoma  with  pearls;  metastases  in  peribronchial  nodes  and  left  kidney. 

25.  Hall  and  Tribe."  1905.  M.,  17.  Cough,  dyspnea,  cachexia;  blood-tinged 
sputum;  glycosuria;  columnar-celled  carcinoma  of  bronchus  to  left  lower  lobe; 
secondaries  in  upper  left  lobe,  liver,  retroperitoneal  and  cervical  nodes  and  cal- 
varium. 

26.  Hampeln.-*  1897.  M.,  57.  Chronic  bronchial  catarrh,  emphysema,  asthe- 
nia; bloody  expectoration;  dyspnea;  primary  bronchial  carcinoma  with  polymor- 
phous cells,  origin  from  mucous  glands;  no  metastases. 

27.  Handford.-^  1888.  M.,  64.  Collier.  Cough,  dyspnea,  rapid  wasting;  history 
of  trauma  received  five  months  previously;  blood-stained  sputum;  dulness  over 
upper  left  thorax;  growth  beginning  three-quarters  of  an  inch  above  tracheal 
bifurcation  and  extending  along  left  chief  bronchus,  nearly  filling  lumen;  secon- 
daries in  left  lung,  pleura  and  liver;  origin  from  bronchial  mucosa;  right  lung 
emphysematous. 

28.  Handford.-^  1889.  M.,  63.  Pain  after  taking  food,  cough,  vomiting,  weak- 
ness; no  dulness;  medullary  carcinoma  completely  occluding  lower  primary  divi- 
sion of  left  bronchus;  left  lower  lobe  collapsed;  secondaries  in  liver  and  bronchial 
nodes;   stomach  symptoms  due  to  ulcer. 

29.  Henrici.-"  1912.  M.,  62.  Cough,  bloody  sputum;  flatness  on  right  between 
clavicle  and  fourth  rib ;  squamous  celled  carcinoma  of  bronchus  to  right  upper 
lobe:    origin  from  bronchial   mucosa. 

30.  HiNTERSTOissEN.-'  1889.  M.,  59.  Lieutenant-colonel.  History  of  trauma; 
glandular  swelling  of  left  side  of  neck  and  right  axilla;  pain  in  left  arm;  tumor 
of  right  ring  finger  was  found  to  be  carcinoma;  paralj'sis  of  left  vocal  cord; 
sputum  often  bloody  and  diagnosis  made  from  cells  in  sputum ;  carcinoma  simplex 
involving  bifurcation  and  both  main  bronchi ;  secondaries  in  right  axillary,  left 
supraclavicular,  bronchial  and  mediastinal  nodes  and  terminal  phalanx  of  right 
ring  finger. 

31.  HiTZ-*  (after  Adler).  1887.  F.,  40.  Fever,  cough,  dyspnea,  dysphagia, 
bloody  sputum;  alveolar  carcinoma  of  right  main  bronchus;  bronchiectasis  of 
right  lung,  emphysema  of  left ;   secondaries   in  regionary  lymph-nodes. 

32.  Horn.-"  1907.  F.,  18.  Cough,  dyspnea,  pain  in  left  thorax,  hemoptysis; 
sudden  death;  left  lung  atelectatic;  bronchiectasis;  left  main  bronchus  com- 
pletely occluded  by  carcinoma  of  glandular  structure;  spaces  contained  colloid- 
like material;  origin  from  bronchial  mucosa. 

33.  Japha^°  (after  Adler).  1892.  M.,  48.  Dyspnea,  pain,  cyanosis,  pleural 
effusion;  dilated  veins  over  thorax;  bloody  sputum  with  cancerous  particles; 
cylindric  and  squamous  celled  carcinoma  developing  from  hilus  along  right 
bronchial  tree;  metastases  in  lymph-nodes,  pleura  and  pericardium;  origin  from 
bronchial  mucosa. 

34.  Karrenstein"  (after  Adler).  1908.  M.,  48.  Hemoptysis;  pain  in  right 
chest;   dulness  over  right  lung;   bronchoscope  showed  tumor  in  right  bronchus; 


21.  Gougerot,  H.:  Bull,  et  mem.  Soc.  anat.  de  Par.,  1905,  Ixxx,  294. 

22.  Hall   and   Tribe;    Lancet,   London,    1905,    i. 

23.  Hampeln,  P.:   Ztschr.  f.  klin.  Med.,  Berlin,  1897,  xxxii,  247. 

24.  Handford,  H.:  Tr.  London  Path.  Soc,  1888-9,  xl,  40. 

25.  Handford,  H.;   Tr.  London  Path.  Soc,  1889-90,  xli,  37. 

26.  Henrici;   Jour.  Med.  Research,   1912,  xxvi,  395. 

27.  Hinterstoissen,  H.:    Wien.  klin.  Wchnschr.,   1889,  ii,   374. 

28.  Hitz;    Ein    Beitr.   z.   Casuistik    des   primiiren   Lungencarcinoms.    Dissert., 
Zurich,  1887. 

29.  Horn,  0.:   Virchows  Arch.  f.  path.  Anat..   1907,  clxxxix,  414. 

30.  Japha:    Ulcer  primiiren  Lungenkrebs.    Dissert.,  Berlin,  1892. 

31.  Karrenstein;   Charitg  Ann.,   1908,  xxxii,  315. 
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squamous   celled   carcinoma   with   pearls:    metastases   in  liver,   stomach,   kidneys, 
brain    (?)    and  pericardium;   origin  from  bronchial  mucosa. 

35.  KiDD.^-  1892.  M.,  52.  Butcher.  Cough  for  twelve  months;  pain  in  left 
side,  blood-streaked  sputum,  dyspnea,  dulness  and  feeble  breath  sounds  on  left; 
tumor  at  bifurcation  and  along  left  chief  bronchus  and  branch  to  upper  lobe; 
bronchiectasis;  atelectasis  on  left;  secondaries  in  adrenal  and  jejumim  (  ?). 

36.  IvLt^EB^  (after  Adler).  1898.  F.,  34.  Apparently  healthy,  sudden  death 
following  burn;  glandular  carcinoma  with  small  cuboidal  cells  completely 
obstructing  right  lower  main  bronchus:  bronchiectasis  in  right  lower  lobe;  no 
metastases;  origin  from  mucous  glands. 

37.  KoERXEK.'*  1888.  M.,  64.  Money  loaner.  Cough,  bloody  sputum;  flatness 
and  absent  fremitus  on  right ;  severe  dyspnea ;  right  lung  emphysematous ;  carci- 
noma occluding  right  chief  bronchus. 

38.  Kretschmer^  (after  Adler).  1904.  M.,  54.  Clinical  diagnosis:  purulent 
bronchitis,  bronchiectasis,  pleurisy,  diabetes;  alveolar  carcinoma  of  left  lower 
bronchus:    no  metastases:    origin  from  mucous  glands. 

39.  Kretschmer*^  (after  Adler).  1904.  M.,  68.  Left-sided  pleural  effusion; 
adenomatous  carcinoma  of  left  main  bronchus;  metastases  in  bronchial,  medias- 
tinal, retroperitoneal  nodes,  left  kidney,  liver,  both  adrenals.  Origin  from 
mucous  glands. 

40.  KuBB.^"  1906.  M.,  36.  Pain  in  chest,  cough,  dyspnea,  loss  of  weight  and 
strength.  Cylindric  celled  carcinoma  arising  from  mucosa  of  trachea  and  bronchi, 
proliferating  along  bronchial  ramifications  and  obstructing  lumina :  diagnosed 
from  metastases. 

41.  Langhans.^^  1871.  M..  40.  Symptoms  of  right  bronchial  stenosis;  died  sud- 
denly in  a  "suffocative  attack";  alveolar  carcinoma  at  tracheal  bifurcation  and 
along  wall  of  right  bronchus;  small  polyhedral  cells;  no  secondaries;  origin  from 
mucous  glands. 

42.  Lardillox^'  (after  Adler).  1903.  M..  60.  Cough,  emaciation,  asthenia, 
mucopurulent  sputum;  alveolar  carcinoma  of  left  main  bronchus;  polymorphous 
cells;  bronchiectasis  and  atelectasis  of  left  lung;  secondaries  in  nodes  at  left  hilus. 

43.  Letulle  and  BiEXVExrE^  (after  Adler).  1908.  F.,  63.  Emaciation, 
hoarseness,  dyspnea,  blood-stained  sputum;  alveolar  carcinoma  of  left  main 
bronchus;  polymorphous  cells;  secondaries  in  tracheal  and  bronchial  nodes  and 
adrenals;   origin  from  bronchial  mucosa. 

44.  Maun**  (after  Adler).  1905.  M.,  50.  Asthenia;  abundant  hemoptysis; 
alveolar  carcinoma  of  left  main  bronchus;  secondaries  in  bronchial  nodes,  peri- 
cardium, left  ventricle:   origin  from  bronchial  mucosa. 

45.  McIxTYRE.^-  1912.  X.,  67.  Dyspnea,  cough,  bloody  sputum;  dulness  over 
upper  left;  adenocarcinoma  of  bronchus  to  upper  left  lobe;  no  metastases;  tuber- 
culosis also  present. 


32.  Kidd,  P.:   Tr.  Clin.  Soc.  London.  1892.  xxv,   178. 

33.  Kliiber:     Ein    Fall    von    Bronchialcarcinom    und    Lungencyste.    Dissert., 
Erlangen,    1898. 

34.  Koerner,  0.:   Miinclien.  med.  Wchnschr.,  1888,  xxxv,  178. 

35.  Kretschmcr:  Ueber  das  primiire  Bronchial-  und  Lungenkarzinoni.  Dissert., 
Leipzig,  1904. 

36.  Kubr:    Centralbl.  f.  inn.  Med.,  1906,  Xo.  44.  p.  1089. 

37.  Langhans:   Virchows  Arch.  f.  path.  Anat,,  xliii,  470. 

38.  Lardillon:   Contribution  H  I'etude  du  cancer  des  poumons.  Th?(se  de  Lyon, 
1903. 

39.  Letulle   et  Bienvenue:    Bull,   et   mem.    Soc.   med.   d.   hop.   de   Paris,    1908, 
xxv.  Series  3,  p.  610. 

40.  Maun,  J.:     Deutsch  med.  Ztschr.,  1905,  xxvi,  537. 

41.  Mclntvre:  Glasgow  Med.  .Tour..  1912,  Ixxviii,  Q5. 
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46.  Merklen  and  Girakd'-  (after  Adler).  1901.  M.,  45.  Dyspnea,  dysphagia, 
aphonia;  dulness  over  right  lung;  blood-streaked  sputum;  alveolar  carcinoma  of 
right  main  bronchus;  no  metastases. 

47.  Meunier.*^  1895.  M.,  70.  Cabinet  maker.  Extreme  dyspnea  for  eight  days; 
semi-stuporous ;  cough;  sputum  blood-tinged;  healed  tubercles  in  left  apex;  tumor 
mass  at  hilus  of  right  lung;  alveolar  structure,  polyhedral  cells;  origin  from 
bronchial  glands. 

48.  Minssen"  (after  Adler).  1900.  M.,  43.  Pain  in  right  chest,  cough,  dysp- 
nea, bloody  sputum;  alveolar  carcinoma  of  right  lower  lobe  bronchus;  some 
mucus  formation  in  neoplasm;  secondaries  in  left  pleura,  bronchial  and  retro- 
peritoneal nodes;   pancreas,  spleen,  kidneys;   origin  from  mucous  glands. 

49.  Ogle.**  1893.  F.,  48.  Left  bronchus  completely  obstructed  by  polypoid 
growth  near  bifurcation;  purulent  material  in  bronchi;  alveolar  carcinoma;  meta- 
stases in  bronchial  nodes. 


'  ^^ 
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Fig.  3. — Wall  of  esophagus  showing  ingrowth  of  bronchial  adenocarcinoma  by 
direct  extension.     Zeiss  obj.  "B." 


50.  Packard.*"  1905.  M.,  55.  Cigarmaker.  Cough,  dyspnea,  bloody  sputum; 
dilated  veins  over  thorax  and  flatness  over  entire  right,  with  absent  fremitus; 
enlarged  abdomen;  lymph-nodes  in  both  axillae.  Death  from  hemorrhage.  Squa- 
mous celled  carcinoma  involving  all  of  right  main  bronchus  and  part  of  left; 
secondaries  in  left  lung  and  pleural  surface  of  diaphragm. 

51.  Passler.^  1896.  M.,  73.  Pensioned  policeman.  Cough  and  sputum,  never 
bloody;   left  recurrent  laryngeal  paralysis;   medullary  cylindric  celled  carcinoma 


42.  Merklen  and  Girard:  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1901,  xviii. 
Series  3,  p.  760. 

43.  Meunier,  H. :  Arch.  gen.  de  med.,  Par.,  1895,  i,  343. 

44.  Minssen:    Ueber  primiiren  Lungenkrebs.  Dissert.,  Kiel,   1900. 

45.  Ogle,  C:  Tr.  London  Path.  Soc,  1893-4,  xlv,  25. 

46.  Packard,  M.:   Med.  News,  New  York,   1905,  Ixxxvi,  303. 
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of  left  chief  bronchus,  compressing  trachea :   bronchiectasis  in  left  lung,  emphy- 
sema in  right;   secondaries  in  both  kidneys. 

52.  Passler.'  1896.  M.,  52.  Chronic  laryngitis;  repeated  hemorrhages;  small 
ulcerating  squamous-celled  carcinoma  of  right  main  bronchus;  fatal  hemorrhage 
from  erosion  of  right  pulmonary  artery. 

53.  Passler.'  1896.  M.,  63.  Nearly  complete  right  sided  hemiplegia;  cachexia. 
Carcinoma  of  bronchus  in  left  lower  lobe;  metastases  in  right  lower  lobe,  liver, 
cerebrum  and  cerebellum;  cylindric  cell  type  with  some  mucous  degeneration. 

54.  Parow^'  (after  Adler).  1896.  M.,  62.  Dyspnea,  cachexia,  dysphagia. 
Tumor  in  right  supraclavicular  region ;  cylindric  and  polymorphous  celled  car- 
cinoma of  right  main  bronchus  and  first  portion  of  left;  metastases  in  cervical 
and   supraclavicular   nodes.      Origin   from   bronchial   mucosa. 

55.  Peabody.*'  1891.  M.,  33.  Stevedore.  Cough,  mucoid  expectoration,  pain  in 
left  chest;  impaired  resonance  over  left,  hyperresonance  over  right  side;  tumor 
mass  2%  inches  in  diameter  in  and  around  left  chief  bronchus;  metastases  in 
lungs. 

56.  Peritz'"  (after  Adler).  1896.  M.,  48.  Pain  in  right  chest,  cough,  dyspnea, 
cachexia;  flatness  over  entire  right;  bloody  sputum;  enlarged  axillary  and  cer- 
vical nodes;  alveolar  cylindric  celled  carcinoma  of  right  main  bronchus;  secon- 
daries in  mediastinal,  mesenteric,  axillary  and  cervical  nodes,  and  liver.  Origin 
from  ducts  of  mucous  glands. 

57.  PiTT.^"  1887.  F.,  67.  Dyspnea;  lessened  motility  of  right  chest;  right  main 
bronchus  almost  occluded  by  surrounding  growth;  bronchiectasis  of  right  lung. 
Carcinoma  of  a  glandular  scirrhous  type;  metastases  in  left  lung  and  right  supra- 
clavicular nodes. 

58.  Reinhard.^  1878.  M.,  47.  Varnisher.  Hoarseness,  dyspnea,  cyanosis,  swell- 
ing of  face  and  neck ;  pain  in  chest.  Alveolar  carcinoma  of  bronchus  to  right 
upper  lobe,  compressing  superior  vena  cava ;  left  lung  emphysematous.  Origin 
from  mucous  glands   (?). 

59.  Rosenthal"'  (after  Adler).  1899.  P.,  52.  Hemiplegia  and  other  cerebral 
symptoms;  some  cough  and  dyspnea.  Alveolar  cjiindric  celled  carcinoma  of  left 
main  bronchus;  secondaries  in  brain,  bronchial  and  tracheal  nodes  and  left 
ventricle. 

60.  Schrotter"  (after  Nager).  1907.  F.,  57.  Paralysis  of  left  recurrent 
laryngeal.  Squamous  celled  carcinoma  at  bifurcation  of  trachea  completely 
blocking  left  chief  bronchus. 

61.  Seurt"-  (after  Adler).  1904.  M.,  66.  Alveolar  squamous  celled  carcinoma 
of  right  main  bronchus.  Secondaries  in  bronchial  and  tracheal  nodes;  bronchiec- 
tasis; chronic  tuberculosis;  fatal  hemorrhage  following  ei'osion  of  ])ulmonary 
artery. 

62.  SEHRr=^  (after  Adler).  1904.  M.,  68.  Dyspnea,  dulness  over  left  chest, 
hemoptysis.  Squamous  celled  carcinoma  of  left  main  bronchus;  secondaries  in 
bronchial   lymi^h-nodes  and  esophagus;    chronic   tuberculosis. 


47.  Parow:     Ein   Fall    von    primiiren   Lungencarcinom.      Dissert.,   Greifswald, 
1890. 

48.  Peabody,  G.  L.:  Med.  Rec,  New  York,  1891,  xxxix,  438. 

49.  Peritz:   Ueber  Brusthohlen  Geschwiilste.  Dissert.,  Berlin,   1896. 

50.  Pitt,  G.  N.:   Tr.  London  Path.  Soc,   1887-8,  xxxix,  54. 

51.  Rosenthal:     Ueber    einen     Fall     von     jtrimiiren     Lungencarcinom.     Dissert. 
Miinchen,   1899. 

52.  Schrotter:    Klinik   der   Rronchoskopie,   1907.     Quoted  by   F.   R.   Nager   in 
Arch.  f.  Laryngol.  u.  Rhinol.,  Berlin,   1907,  xx,  275. 

53.  Sehrt:    Beitrage  zur   Kenntniss   des   primiiren  Lungencarcinoms.     Dissert. 
Leipzig,   1904. 
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03.  Stieb"^  (after  Adler).  1900.  M.,  50.  Patient  died  of  cirrhosis  of  liver. 
8iibnuicoiis  squamoiis-celled  carcinoma  of  bronchus  to  left  lower  lobe;  secondaries 
in  regionary  lymph-nodes. 

64.  Stieb"  (after  Adler).  1900.  M.,  60.  Cough,  pain,  weakness.  Alveolar 
squamous-celled  carcinoma  at  bifurcation  of  right  main  bronchus;  secondaries 
in  both  lungs  and  supraclavicular  nodes. 

65.  Stilling.^  1881.  M.,  52.  Alveolar  carcinoma  of  bronchus  to  right  middle 
lobe;  large  polygonal  cells;  metastases  in  bronchial,  mediastinal  and  cervical 
nodes,  pericardium  and  liver. 


Fig.  4. — Metastatic  growth  in  kidney  from  primary  bronchial  adenocarcinoma. 
The  mucus  formation  is  still  present  but  not  as  marked  as  in  the  primary  growth. 
Zeiss  obj.  "B." 

66.  Stropeni.'""  1910.  F.,  35.  Housekeeper.  Pain  in  side,  back  and  shoulder; 
cough;  sputum  blood-streaked.  Subcutaneous  carcinomatous  nodule  of  left  arm; 
fracture  of  left  femur;  left  lung  atelectatic;  right  lung  emphysematous.  Adeno- 
carcinoma from  mucous  glands  of  left  chief  bronchus;  secondaries  in  both  lungs, 
epicardium,  liver,  both  kidneys,  spleen,  right  femur,  thoracic  and  lumbar  verte- 
brae and  cranial  vault. 

67.  TuRXBULL  AND  Worthington"  (after  Adler).  1908.  M..  56.  Symptoms 
mainly  referable  to  cord  lesion.  Mucus  secreting  carcinoma  of  bronchus  to  right 
lower  lobe:  secondaries  in  seventh  and  eighth  dorsal  vertebrae  and  in  ribs. 


54.  Stieb:   Ueber  das  Plattenepithelcarcinom  der  Bronchien.  Dissert.  Gicssen, 
1900. 

55.  Stilling:  Virchows  Arch.  f.  path.  Anat.,  1881,  Ixxxiii,  77. 

56.  Stropeni,  L.:    Ztschr.  f.  Krebsforsch.,  Berlin,    1910,  ix,    1-21. 

57.  Turnbull  and  Worthington :  Arch.  Path.  Inst.  London  Hosp.,  1908,  ii,  163. 
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68.  Schr5tter.°*  1907.  M.,  44.  Cough  and  stabbing  pain  in  right  side;  dilated 
veins  on  left  chest,  abdomen  and  arm;  bloodj^  sputum.  Specimen  from  right 
main  bronchus  was  found  to  be  squamous-celled  carcinoma  with  glycogen-contain- 
ing  cells:  tubei'culosis  in  right  apex;  emphysema  of  left  lung. 

69.  Wagxek.^'  1903.  C'ylindric  celled  carcinoma  of  left  chief  bronchus.  Lumen 
of  bronchus  obstructed  by  cauliflower  growth ;  metastases  in  left  lung,  anterior 
mediaistinum,  left  lobe  of  liver.     Origin  from  bronchial  mucosa. 

70.  Watsuji.™  M.,  56.  Mucosa  reddened  and  broken  at  origin  of  left  chief 
bronchus.  Near  hilus  a  large  tumor  mass  completely  infiltrating  bronchial  wall; 
right  limg  emphysematous;  squamous-celled  carcinoma.  Origin  from  bronchial 
mucosa. 

71.  Watsuji.™  1904.  M.,  60.  Xo  clinical  history.  Squamous-celled  carcinoma 
of  left  chief  bronchus;  metastasis  in  a  bronchial  node  which  also  contained  a 
caseating  tubercle. 

72.  Watsuji.™  1904.  M.,  59.  Squamous-celled  carcinoma  of  right  lower  lobe 
bronchus;   right  lung  atelectatic;   patient  was  also  tuberculous. 

73.  Watsuji.™  1904.  Microscopical  report  without  history  or  protocol;  sec- 
tions showed  change  of  epithelium  of  a  lower  lobe  bronchus  into  squamous  type; 
wide  peripheral  extension  from  this  bronchus. 

74.  Watsuji.""  1904.  M.,  64.  Tumor  mass  at  point  of  division  of  bronchus 
to  middle  lobe;   squamous-cell  type  with  hyaline  pearls. 

75.  Weinberger."  1901.  M.,  42.  Beadle.  History  of  bronchitis  and  influenza; 
fever,  cough,  bloody  sputum,  stridor;  dulness  over  upper  right.  Cylindric-celled 
carcinoma  of  secondary  bronchus  in  right  upper  lobe;  metastases  in  right  infra- 
and   supraclavicular  and  axillary  nodes. 

76.  \Yeinberger."  1901.  M.,  52.  Clerk.  Pain  in  right  chest,  cough,  dyspnea. 
Blood-tinged  sputum  with  carcinomatous  tissue;  walnut-sized  tumor  of  parietal 
bone;  right  main  bronchus  completely  obstructed  by  carcinoma;  metastases  in 
liver,  kidney,  muscles,  intestines,  parietal  bone  and  brain. 

77.  AYerxer."-  1891.  M.,  65.  Farm  laborer.  Bloody  sputum  for  ten  weeks; 
pain  in  right  axilla,  hip,  left  forearm;  atypical  epithelial  cells  in  sputum;  three 
lower  spinous  processes  painful;  tumor  of  bronchus  to  upper  left  lobe;  glandular 
structure;  metastases  in  left  arm  (fracture),  lower  vertebrae,  neck  of  right  femur. 

78.  West."^  1884.  M.,  39.  Laborer.  Dyspnea,  emaciation,  asthenia,  night 
sweats;  dulness  over  lower  right.  Carcinoma  surrounding  right  main  bronchus, 
reducing  its  lumen  to  one-third ;  secondaries  in  bronchial  nodes  and  liver. 

79.  WoLF.^  1895.  M.,  60.  Symptoms  of  cavitation.  Cylindric  celled  carcinoma 
encircling  and  stenosing  left  chief  bronchus  2  cm.  below  the  bifurcation;  bronchiec- 
tasis: metastases  in  liver  and  bronchial  nodes. 

80.  WoLF.^  1895.  M.,  54.  Musician.  Anorexia,  asthenia,  emaciation:  in  left 
chief  bronchus  an  ulcerating  tumor  obliterating  its  branches;  left  lung  small  and 
firm,  right  lung  emphysematous.  Cylindric-celled  carcinoma:  metastases  in 
bronchial  glands  and  peritoneum. 

81.  Woi.F.^  1895.  M.,  47.  Blacksmith.  Pain  in  right  side,  dry  cough,  dyspnea; 
dulness  and  bronchial  breathing  on  right:  right  chief  bronchus  entirely  closed  by 
tumor  reaching  1.5  cm.  above  the  tracheal  bifurcation:  bronchiectasis  on  right; 
left  lung  emphysematous.  Carcinoma  simplex;  large  polymorphous  cells;  secon- 
daries in  lungs,  dura  mater  and  liver. 

82.  Woi.F."  1895.  ]\r.,  42.  Factory-hand.  Clinical  picture  was  tliat  of  l)rain 
tunior;    right   chief   bronchus   partially   closed    and    iis   mucosa    ulcerated:    tumor 


58.  V.  Sc'hriitter:   Ztschr.  f.  klin.  Med.,  1907,  Ixii,  508. 

59.  Wagner:    Mlinchen.  med.   Wchnschr.,   1903,  1,   133. 

60.  ^^■atsuji,  S.:  Ztschr.  f.  Krebsforsch.,  Jena,  1903-4,  i.  445. 

61.  Weinberger:  Ztschr.  f.  Heilk.,  1901,  ii.  78. 

62.  Werner.  M.:    Das  primiire  Lungencarcinom.  (>te..  Dissert.,   Freiburg,    ]S!)). 

63.  West:  Tr.  London  Path.  Soc.  1884.  xxxv.  87. 
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extends  into  both  upper  and  lower  lobes.     Alveolar  carcinoma  with  large  poly- 
morphous cells;  metastases  in  spleen,  kidneys  and  brain. 

83.  WoiJE'.^  1895.  M.,  58.  Epistaxis,  dyspnea,  dulness  over  right  apex;  sputum 
became  bloody;  right  main  bronchus  filled  with  cauliflower  growth;  left  lung 
very  emphysematous.  Glandular  celled  carcinoma ;  secondaries  in  lungs,  dura 
mater,  nasal  septum. 

84.  WoLF.^  1895.  M.,  55.  Mechanic.  Bilateral  hydrothorax;  wall  of  right  main 
bronchus  thickened;  bronchiectasis  on  right.  Carcinoma,  alveolar  in  structure; 
laige  oval  cells;  metastases  in  liver,  portal  vein,  retroperitoneal  nodes  and  seventh 
and  tenth  thoracic  vertebrae. 

85.  Wolf.'  1895.  M.,  56.  Servant.  Dyspnea,  weakness,  hemoptysis;  dulness 
with  bronchial  breathing  over  entire  left:  left  chief  bronchus  completely  filled 
with  tumor  invading  lower  3  cm.  of  trachea  and  constricting  right  bronchus; 
emphysema  of  right  lung.  Carcinoma,  alveolar  in  structure;  secondaries  in 
thyroid  and  both  adrenals.     Origin  from  bronchial  glands. 

86.  WoLF.^*  1895.  M.,  67.  Collector.  Dyspnea,  dysphagia,  pain  in  left  arm; 
flatness  on  percussion  over  upper  left;  death  from  sufl'ocation;  left  chief  bronchus 
occluded  by  growth  from  its  own  wall.  Squamous-celled  carcinoma;  metastases 
in  pericardium  and  retroperitoneal  lymph-nodes. 
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Fig.  5.— The  age  incidence  of  primary  broncliial  carcinomata  by  five  year 
periods,  based  on  a  total  of  eighty-five  cases.  The  abscissae  indicate  the  number 
of  cases,  the  ordinates  the  age  periods. 

87.  W0LF.=  1895.  M.,  69.  Mechanic.  Clinical  picture  was  that  of  phthisis; 
in  right  chief  bronchus,  3  cm.  below  bifurcation,  an  oval  ulcerated  area ;  bron- 
chiectasis on  right.  Squamous-celled  carcinoma;  metastases  in  bronchial  lymph- 
nodes  and  liver. 

88.  Wolf.''  1895.  M.,  54.  House  porter.  Abscess  over  eighth  rib.  Squamous- 
celled  carcinoma  blocking  right  main  bronchus  from  bifurcation  down,  perforating 
superior  vena  cava  and  compressing  right  innominate;  tuberculosis  in  pleura  and 
right  apex;   secondaries  in  both  kidneys  and  left  adrenal. 

89.  Wolf."  1895.  M.,  65.  Mechanic.  Clinical  picture  dominated  by  cerebral 
symptoms;  tumor  mass  beneath  eroded  area  in  right  chief  bronchus;  bronchiec- 
tasis. Squamous-celled  carcinoma;  metastases  in  right  cerebral  cortex  and  bron- 
chial nodes. 

The  following  case  from  the  Medical  Service  of  the  University  hospital  also 
belongs  in  this  group. 

History. — Male,  aged  47  (?),  awning-maker.  Brought  to  the  hospital  in  an 
unconscious  condition  at  9:30  a.  m.,  November   12,   1911.     Only  a  brief  history 
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could  be  obtained  from  the  patient's  friends.  He  had  not  been  as  well  as  formerly 
for  two  Tears.  Marked  dyspnea  for  some  time,  with  epistaxis  and  hemoptysis. 
The  patient  had  believed  that  he  had  asthma,  and  stramonium  leaves  were  found 
in  his  pockets.     He  became  unconscious  wliile  seated  in  a  chair  in  a  hotel  lobby. 

Examination. — The  following  notes  are  taken  from  the  hospital  records: 
The  patient  was  intensely  cyanotic,  skin  dry,  pupils  evenly  and  markedly  con- 
tracted, reacting  but  very  little  to  light.  There  was  marked  dyspnea,  with  great 
activity  of  the  accessory  miiscles.  Respiration  characterized  by  a  short  deep 
inspiration  and  long  expiratory  period.  The  rate  was  but  10  or  12  per  minute. 
There  were  many  nlles  during  inspiration.    No  area  of  dulness  was  detected. 

The  heart  was  regular,  apparently  not  enlarged,  and  the  heart  sounds  were 
of  good  quality:  the  rate,  110.  Tlie  radial  pulse  was  of  good  size,  quick,  and 
fairly  compressible. 

The  patient  moved  both  arms  readily  but  no  spontaneous  movements  of  the 
legs  were  noted. 

The  urine,  obtained  by  catheterization,  was  negative  except  for  a  lieavy  trace 
of  albumen.  Tests  for  morphin  applied  to  the  urine  were  negative.  Stomach 
washings  contained  only  a  little  slimy  mucus  and  a  few  fine  particles  of  food. 

The  rectal  temperature  was  97.8  and  96  F. 

Treatment. — A  coffee  and  whiskey  enema  was  retained.  Tlie  stomach  was 
washed  with  potassium  permanganate  solution,  1  to  500,  and  1/150  gr.  doses  of 
atropin  administered  on  the  assumption  that  the  case  might  be  one  of  morphin 
poisoning.     Oxygen  was  also  used,  and  strychnin  in  1/30  gr.  doses. 

Death  occairred  at  1:35  p.  m.  of  the  same  day.  Respiration  ceased  about  one 
minute  before  the  heart  stopped  beating. 

Necropsy. — The  autopsy  was  performed  by  Dr.  A.  S.  Warthin  at  9:00  a.  m., 
Nov.  13,  1911.  The  more  important  jioints  in  the  protocol  dictated  by  Dr.  War- 
thin  are  included  below. 

Thorax  long;  epigastric  angle  less  than  a  right  angle;  superficial  veins  not 
dilated;  a  small  amount  of  blood-stained  mucus  in  the  mouth. 

Skull-cap  very  thin,  otherwise  negative;  dura  adherent  all  over  the  convexity; 
arachnoid  slightly  thickened;  convolutions  pale  and  edematous;  section  of  brain 
otherwise  negative. 

No  free  fluid  or  gas  in  peritoneal  cavity.  Liver  in  median  line  two  finger- 
breadths  below  the  ensiform.  The  diaphragm  rises  to  the  level  of  the  fifth  rib 
on  the  right  and  the  sixth  rib  on  the  left. 

No  free  gas  or  fluid  in  the  thoracic  cavity.  There  are  a  few  small  adhesions 
between  the  visceral  and  parietal  pleurae,  most  marked  at  the  right  apex  wliere 
the  pleura  shows  a  dense  hyaline  thickening;  no  enlarged  lymph -nodes  in  the 
anterior  mediastinum. 

Apex  of  the  heart  at  the  sixth  interspace  in  nipple  line.  Auricles,  particularly 
the  right,  distended  with  unclotted  blood.  Mitral  orifice  somewhat  larger  than 
normal,  admitting  two  fingers  with  ease;  tricuspid  admits  four  fingers;  valve 
flaps  negative. 

Orifices  and  valve  flaps  of  pulmonary  artery  and  aorta  negative.  No  narrow- 
ing of  lumen  of  aorta  and  no  aneurysm. 

Left  lung:  Anterior  border  extends  to  left  sternal  line.  Large  bronchi  filled 
with  creamy  exudate;  bronchial  nodes  small  and  heavily  pigmented;  moderately 
voluminous;   marked  congestion  and  edema. 

Right  lung:  Anterior  border  extends  to  right  sternal  line.  Tlic  lung  is  bound 
by  many  adhesions  to  a  tumor  the  size  of  an  orange  which  is  connected  with  the 
bronchial  nodes,  tlie  esophagus  and  the  descending  aorta.  The  tumor  mass  com- 
pletely surrounds  the  main  bronchus  to  the  right  lung  and  has  infiltrated  and 
destroyed  the  bronchial  wall.  The  lumen  of  the  bronchus  is  markedly  narrowed 
(Fig.  1).     The  tumor  also  extends  along  the  bronchus  to  the  upper  lobe. 

At  the  level  of  tlie  l)ifurcation  the  trachea  is  much  stenosed  by  the  pressure 
of  the  tumor  mass.  This  stenosis  aff'ects  the  left  main  bronchus  more  than  the 
right.     The  former  barely  admits  a  glass  rod  2  mm.  in  diameter.     The  lumen  of 
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the  esophagus  is  also  narrowed  at  the  same  level  and  the  wall  is  firmly  attached 
to  the  tumor  mass. 

Spleen:  Small;  capsule  slightly  wrinkled  and  contains  numerous  small  hyaline 
thickenings;  atrophy  of  pulp  and  follicles,  increase  of  stroma. 

Left  kidney:  Fibrous  capsule  strips  easily.  On  section  the  parenchyma  is 
deep  purplish  red,  bleeds  freely.  Several  small  grayish  nodules  beneath  the 
surface. 

Right  Kidney:  Shows  Jess  passive  congestion  than  the  left,  otherwise  similar. 

Adrenals:   Normal  in  size:   medulla  preserved. 

Large  and  Small  Intestines:  Partially  distended  with  gas;  duodenum  negative; 
pylorus  patent;   stomach  mucosa  slightly  atrophic;   no  erosions  or  hemorrhages. 

Pancreas:    Congested  and  softer  than  normal. 

Liver:  Capsule  somewhat  thickened  and  contains  small  hyaline  areas:  paren- 
chyma shows  a  marked  acute  passive  congestion ;  gall-bladder  shows  old  adhesions. 

Abdominal  aorta  shows  patches  of  sclerosis  and  atheroma. 

Retroperitoneal  lymph-nodes  are  atrophic  and  congested. 

Microscopical  Fi7idings. — The   most  important  microscopical   findings   follow: 

Heart:   Atrophy;   fatty  degeneration;  arteriosclerosis  of  coronaries. 

Spleen:  Atrophy;  chronic  passive  congestion;  acute  congestion;  hyaline  thick- 
ening of  capsule. 

Brain:    Congestion,   edema,   chronic   leptomeningitis. 

Kidneys:  Acaite  passive  congestion,  atrophy,  cloudy  swelling,  metastatic  adeno- 
carcinoma. 

Right  Lung:  Chronic  abscess,  chronic  fibroid  pneumonia,  bronchiectasis, 
chronic  passive  congestion. 

Left  Lung:   Emphysema,  chronic  passive  congestion. 

Liver:  Atrophy,  chronic  passive  congestion,  hyaline  areas  in  capsvile  are  thick- 
enings with  hyaline  blood-vessels,  probably  nearly  healed  angiocavernosa. 

Pancreas:   Atrophy,  sclerosis,  post  mortem  change. 

Xeoplasm:  After  formaldehyd  fixation  and  parafiin  infiltration,  sections  of 
the  neoplastic  tissues  were  stained  in  hematoxylin  and  eosin,  carbol-kresyl-echt- 
violett,  Bismarck  brown  and  hematoxylin  and  picric  acid.  The  primary  tumor 
mass  shows  an  adenocarcinoma  with  irregular  giand-like  spaces  (Fig.  2)  which 
are  lined  by  two  or  more  rows  of  epithelial  cells,  with  large  spherical  or  oval 
nuclei.  There  is  some  tendency  for  the  oval  nuclei  to  be  arranged  with  their 
long  axes  parallel  to  each  other  and  perpendicular  to  the  lumina,  giving  a  marked 
cylindric-celled  appearance.  The  cell  nuclei  stain  readily  but  not  intensely  with 
the  various  basic  stains.  The  alveolar  spaces  are  filled  with  a  finely  granular 
material  which  takes  a  bluish  stain  with  hematoxylin  and  reacts  metachromatic- 
ally   with   carbol-kresyl-echt-violett,  thus   resembling  mucin   in   every   particular. 

The  same  architectural  and  cell  characteristics  are  found  in  all  parts  of  the 
neoplasm  examined.     In  the  more  peripheral  portions  of  the  growth  such  as  the 
part  invading  the  esophageal  wall    (Fig.  3)   the  alveolar  spaces  are  smaller. 
Even  in  the  metastases  in  the  kidney   (Fig.  4)   mucin  formation  has  taken  place. 

The  neoplasm  must  be  considered  a  primary  adenocarcinoma  of  the  right  main 
bronchus,  cylindric-celled  in  character,  probably  arising  from  the  bronchial 
mucous  glands. 

GENERAL    COXSTDEEATIOXS 

Frequency. — The  number  of  cases  reported  indicates  that  bronchial 
carcinoma  is  not  as  rare  a  disease  as  has  been  supposed.  WolP  found 
lung  and  bronchial  carcinomata  in  .223  per  cent,  of  20,116  autopsies  and 
Passler  considers  87  per  cent,  of  the  neoplasms  in  this  group  to  be  of 
bronchial  origin.  The  difficulty  in  diagnosing  the  condition  has  done 
much  to  keep  down  the  percentage,  but  now  that  its  frequency  of  occur- 
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rence  is  more  fully  realized  and  search  is  being  made  for  it,  the  ratio 
of  incidence  is  being  raised.  This  is  shown  by  the  statistics  of  the  com- 
bined lung  and  bronchial  group  which  Adler^  presents  in  his  monograph. 
A  summation  of  the  more  recent  statistics  gives  forty  cases  in  a  total  of 
11,093  autopsies,  that  is,  .36  per  cent. 

Age. — The  age  was  given  in  eighty-five  of  the  eighty-nine  cases  in 
our  own  list.  The  distribution  over  five-year  periods  is  shown  by  Figare 
5.  The  maximum  number  is  found  in  the  age  period  56  to  60,  inclusive, 
but  the  possibility  of  occurrence  in  very  young  individuals  is  emphasized 
by  the  cases  of  Hall  and  Tribe--  and  of  Horn,-^  in  which  the  patients 
were  17  and  IS,  respectively. 

Sex. — In  eighty-seven  eases,  seventy  patients  were  males  and  seven- 
teen females.  Passler  found  the  ratio  to  be  fifty  males  to  eighteen 
females  in  his  list  of  both  lung  and  bronchial  carcinomata.  After  mak- 
ing due  allowance  for  the  usual  preponderance  of  male  patients  in  the 
hospitals  from  which  many  of  the  cases  are  derived,  it  still  seems  evident 
that  bronchial  carcinoma  is  much  more  common  in  males  than  in  females. 

Location. — Much  stress  has  been  laid  on  a  supposed  excess  of  cases 
of  carcinoma  of  the  right  bronchial  tree  as  compared  to  the  left.  Rein- 
hard,*'*  for  instance,  reported  eighteen  lung  carcinomata  from  the  right 
side  and  nine  from  the  left.  This  disproportion  has  been  attributed  to 
the  larger  size  and  more  direct  course  of  the  right  main  bronchus  with 
the  thought  that  it  would  be  subjected  to  a  greater  degree  of  mechanical 
irritation  than  the  left.  Adler,^  in  his  combined  lung  and  bronchial  list, 
finds  the  right  side  more  frequently  affected  than  the  left,  but  thinks 
that  the  difference  is  too  small  to  serve  as  a  basis  for  a  theory.  "We  find 
the  two  sides  to  be  involved  with  approximately  equal  frequency. 

Left   side    28  cases 

Eight    side     27  cases 

Both    sides     14  cases 

Etiology. — The  data  in  regard  to  occupation  are  too  meager  to  permit 
the  drawing  of  definite  conclusions.  The  case  of  Boyd,^  in  a  bottle- 
blower,  those  of  Beck,"  Georgi,^^  and  Wolf^  in  blacksmiths,  with  Hand- 
ford's^*  in  a  collier,  may  be  picked  from  the  twenty-five  of  known  occu- 
pation as  instances  in  which  opportunity  for  chronic  bronchial  irritation 
is  obvious.  In  discussing  the  etiology  of  this  group,  Wolf^  mentions 
luetic  scars  and  ulcerations,  but  puts  the  most  emphasis  on  a  breaking 
through  of  softened  pigmented  lymph-nodes  into  the  bronchial  lumen. 
He  says  that  the  "Pigmentdurchbruche"  occur  especially  in  the  chief 
bronchi  just  below  the  bifurcation  and  more  often  on  the  right  side  than 
on  the  left.     This  theory  has  not  been  supported  by  the  microscopical 
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findings  in  subsequent  cases,  and  the  part  played  by  dust  inhalation 
requires  further  study.  A  very  suggestive  fact  is  the  preponderance  of 
cases  in  males  who,  through  occupation  and  the  use  of  tobacco,  are  more 
exposed  to  the  inhalation  of  irritating  substances  than  are  females 
(Adler^). 

In  but  three  cases  was  the  disease  attributed  to  trauma.  Two  of  these 
were  from  falling  (Hinterstoissen-"  and  Handford-*),  and  the  other 
from  a  blow  on  the  chest  from  a  piece  of  iron  (Georgi^^) .  "We  may,  there- 
fore, be  certain  that  gross  trauma  is  not  an  important  etiological  factor. 

In  a  very  few  instances  squamous-celled  carcinomata  have  been 
described  as  developing  in  the  walls  of  bronchiectatic  or  tuberculous 
cavities  (Kaufmann®").  The  series  of  cases  here  reviewed  indicates, 
however,  that  bronchiectasis  is  a  result  rather  than  a  cause  of  the  neo- 
plastic growth.  Bronchiectasis  is  specifically  mentioned  in  fifteen  of  the 
case  reports,  but  it  occurs  in  the  peripheral  portions  of  the  lung  rather 
than  at  the  site  of  the  tumor,  and  is  usually  accompanied  by  atelectasis. 
It  must  be  considered  as  due  to  the  stenosis  of  the  bronchus  and  the 
inflammatory  changes  in  the  lung  parenchyma. 

In  eleven  cases  out  of  the  eighty-nine  a  coincident  tuberculosis  is 
mentioned.  This  is  usually  apical  and  in  two  or  three  instances  is 
spoken  of  as  "old"  or  "'healed."  There  is  nothing  to  indicate  that  the 
tuberculosis  was  in  any  way  a  direct  causal  factor.  It  would  rather 
seem  that  some  chronic  inflammatory  process  in  the  lungs  such  as  tuber- 
culosis, chronic  bronchitis  or  chronic  pneumonia,  which  is  also  rather 
frequently  found  in  these  histories,  may  be  indirectly  the  inciting  influ- 
ence. More  complete  histories  of  the  previous  condition  of  the  patient  must 
be  had  before  the  importance  of  these  factors  can  be  fully  established. 

Point  of  Origin. — Primary  carcinoma  of  the  bronchi  may  arise  either 
from  the  bronchial  mucosa  or  from  the  epithelium  of  the  bronchial 
mucous  glands.    Analysis  of  the  cases  listed  gives  the  following  results : 

Origin  from  mucous  glands    22 

Origin  from  bronchial  mucosa   17 

Uncertain  or  unspecified    50 

Of  the  adenocarcinomata,  eighteen  are  referred  to  a  glandular  origin 
and  six  to  the  mucosa.  All  of  the  squamous-celled  type,  in  which  the 
point  of  origin  is  given,  are  said  to  have  arisen  from  the  mucosa.  In  the 
latter  case,  there  is  much  in  favor  of  the  theory  that  the  malignant 
change  is  associated  with  a  metaplasia  of.  the  surface  epithelium  to  the 
squamous  type.  The  case  of  Davis  and  Le  Count  is  illustrative,  for  the 
mucosa  was  found  to  resemble  skin  from  a  centimeter  above  the  tracheal 
bifurcation  to  a  point  some  distance  along  each  of  the  main  bronchi. 

67.  Kaufmann:  Lehrbuch  der  Speziellen  Pathologischen  Anatomie,  p.  303. 
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Von  Schrotter^''  also  argues  for  a  metaplastic  origin  for  the  squamous- 
celled  type  rather  than  referring  it  to  an  embryonal  anlage. 

In  the  case  here  reported  the  origin  was  probably  from  the  mucous 
glands.  As  in  many  other  neoplasms  of  similar  character,  the  "JJeher- 
gangshilder/'  which  would  prove  this  point,  are  lacking.  However,  many 
sections  taken  along  the  main  bronchus  show  small  islands  of  tumor, 
occupying  the  noimal  position  of  mucous  glands,  equaling  normal 
mucous  glands  in  size,  and  themselves  containing  mucus.  At  this  same 
point  the  bronchial  mucosa  is  inflamed  and  eroded,  but  nowhere  neo- 
plastic. The  general  architecture  of  the  tumor  is  also  very  suggestive  of 
the  glandular  origin. 

Histopathology. — In  fifty-five  cases,  the  general  structural  character 
of  the  neoplasm  is  given.     It 'is  spoken  of  as 

Alveolar,  ascinar  or  adenomatous    in  45  cases 

Medullary     in     5  cases 

Scirrhous    in     3  cases 

Simplex    in     2  cases 

This  shows  an  unduly  large  number  of  the  first  group,  for  in  most  of 
the  cases  described  as  "squamous,"  nothing  is  said  in  regard  to  structure. 
According  to  cell  type,  we  find  these  careinomata  described  as 

Squamous   celled   in    25  cases 

Cylindric   celled   in    18  cases 

Polymorphous  celled  in 10  cases 

Round  or  oval  celled   in 2  cases 

Gland  celled  in    1  case 

Cuboidal  celled  in    1  case 

It  is  probable  that  most  of  the  cases  in  the  last  four  groups  might 
have  been  placed  in  one  or  the  other  of  the  first  two.  The  two  chief 
forms  of  bronchial  careinomata  are,  therefore,  the  adenomatous  cylindric- 
celled  type  and  the  squamous-celled  type. 

As  has  been  described,  mucus  formation  was  a  prominent  feature  in 
the  histological  picture  of  our  own  case.  It  is  mentioned  in  ten  of  those 
listed,  all  adenomatous  in  character.  The  extent  of  mucus  production 
varies  from  the  formation  of  intracellular  vacuoles,  as  in  the  case  of 
Beck,^  to  the  filling  of  large  alveoli  with  metachromatically  staining 
mucin,  as  in  the  cases  of  Stropeni''**'  and  Domeny.^-  Boecker^  and  Horn-^ 
consider  that  mucus  formation  does  not  prove  an  origin  from  the  bron- 
chial mucous  glands,  although  in  most  of  the  other  cases  such  an  origin 
is  maintained.  Mucus  formation  in  the  metastases  has  been  noted  in 
three  cases,  including  our  own. 

Metastases. — The  proneness  of  lung  and  bronchial  careinomata  to 
give  rise  to  metastases  has  been  much  emphasized.  Wolf^  found  second- 
aries in  twenty-one  cases  out  of  twenty-three;  Passler,^  in  sixty-three 
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cases  out  of  seventy-four.    The  figures  from  our  list  of  exclusively  bron- 
chial carcinomata  closely  parallel  these. 

Metastases  found  to  be  present 70  cases 

Metastases  not  mentioned   11  cases 

Metastases  not  found    9  cases 

The  locations  of  the  secondary  growths  were  the  most  varied.  Some 
unusual  sites  are  mentioned,  such  as  in  the  finger  (Hinterstoissen^^), 
and  nasal  septum  (Wolf^).  It  is  unnecessary  to  give  a  complete  enumer- 
ation of  the  secondaries  found,  but  the  bronchial,  cervical  and  axillary 
hinph-nodes,  liver,  kidneys  and  adrenals  were  most  frequently  involved. 
In  the  case  here  reported,  the  only  secondaries  were  those  found  in  the 
kidney.    Two  other  observations  should  be  mentioned. 

1.  The  proneness  to  brain  metastases,  which  are  found  in  twelve 
cases.  The  clinical  picture  may  be  dominated  by  such  secondaries. 
Domeny^-  reports  a  case  in  which  the  chief  findings  were  pain  in  the 
head,  visual  and  auditory  disturbances  and  choked  disk.  In  this  instance 
there  were  seven  brain  metastases  from  a  bronchial  adenocarcinoma. 

2.  The  frequent  occurrence  of  palpable  secondaries  in  the  lymph- 
nodes.  In  thirteen  cases  such  nodes  were  noted,  usually  cervical,  supra- 
clavicular or  axillary.  The  reported  cases  show  that,  as  a  rule,  if  the 
glands  of  but  one  side  are  invaded  the  neoplasm  will  be  found  to  involve 
the  bronchus  of  the  same  side. 

SYMPTOMATOLOGY  AND  DIAGNOSIS 

In  a  few  cases  an  ante  mortem  diagnosis  of  bronchial  carcinoma  is 
absolutely  impossible.  Such  cases  fall  into  three  groups:  (1)  those  in 
which  the  neoplasm  is  very  small  and  is  discovered  only  incidentally,  as 
in  the  case  reported  by  Kliiber;"'^  (2)  those  in  which  the  clinical  picture 
is  dominated  by  cerebral  or  other  metastases,  as  in  one  of  Wolf's  cases; 
(3)  those  in  which  the  patients  are  practically  moribund  when  first  seen. 
The  case  here  reported  falls  in  the  last  group. 

On  the  other  hand,  diagnosis  is  often  possible,  as  is  shown  by  the 
fact  that  in  about  ten  of  the  cases  listed  in  this  paper  the  nature  of  the 
process  was  ascertained  before  necropsy.  ^Yith  the  additional  aids  now 
available  the  proportion  of  diagnosed  cases  should  be  very  much  increased. 

The  chief  symptoms  mentioned  in  the  clinical  histories  of  the  listed 
cases,  in  the  order  of  their  frequency,  are  as  follows: 

1.  Cough. — Sometimes  this  is  spoken  of  as  a  "dry"  cough,  but  the 
case  reports  give  no  characteristic  description. 

2.  Dyspnea. — This  very  frequent  s\Tnptom  is  usually  progressive  in 
character,  becom.ing  more  and  more  severe,  and  oftentimes  terminating 
in  the  death  of  the  patient  in  a  suffocative  attack. 
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3.  Hemoptysis. — Hemorrhage,  ranging  from  a  bloody  streak  in  an 
otherwise  mucopurulent  sputum  to  a  brisk  flow  of  bright  red  blood,  is 
one  of  the  most  common  findings.  In  forty-two  cases  in  which  the 
character  of  the  sputum  is  mentioned,  there  was  some  degree  of  hemop- 
tysis in  tliirty-five.  The  "black-currant  jelly"  or  "^raspberry  jelly^ 
sputum  once  thought  to  be  characteristic  of  lung  and  bronchial  car- 
cinomata  is  rarely  mentioned  in  case  reports. 

4.  Fain. — Pain  is  also  frequently  a  factor  in  the  clinical  picture.  It 
is  felt  in  the  chest,  usually  on  the  affected  side,  or  in  that  shoulder  and 
arm.  Here  it  may  be  explained  as  a  referred  pain,  or  it  may  be  due  to 
pressure  on  the  brachial  plexus  from  a  secondary  involvement  of  axillary 
or  clavicular  nodes. 

5.  Fressure  Symptoms. — The  group  of  symptoms  arising  from  pres- 
sure of  the  neoplasm  on  surrounding  structures  is  of  great  diagnostic 
value.  From  obstruction  to  the  venous  return  we  have  dilatation  of  the 
superficial  veins  of  head  and  thorax,  often  accompanied  by  edema.  These 
changes  are  mentioned  in  nine  cases.  In  five  paralysis  of  the  recurrent 
laryngeal  is  noted  and  two  others  showed  aphonia.  Dysphagia  is  reported 
in  four  instances,  and  in  one  pupillary  inequality  and  ptosis  of  one  lid 
developed. 

The  usual  absence  of  fever  and  night  sweats  from  the  symptom  com- 
plex is  worthy  of  note.  In  but  four  of  the  ninety  cases  is  fever  mentioned. 

The  physical  fiu dings  vary  with  the  extent  of  the  neoplasm,  with  the 
degree  of  stenosis  of  the  bronchi  and  with  complicating  lung  conditions. 
The  usual  percussion  findings  are  dulness  in  the  lobe  or  lobes  supplied 
by  the  affected  bronchus  and  hyperresonance  in  the  opposite  lung.  The 
dulness  depends  largely  on  atelectasis  due  to  air  absorption  from  the 
alveoli  of  the  lobes  of  which  the  bronchi  have  been  blocked.  The  hyper- 
resonance is  due  to  a  compensatory  emphysema  in  the  opposite  lung. 
Signs  of  cavitation  in  the  affected  lung  are  also  frequently  found.  In 
the  bronchial  type  of  pulmonary  carcinoma  cavity  formation  is  usually 
due  to  bronchiectasis  rather  than  to  breaking  down  of  the  neoplasm,  a 
process  to  which  it  is  often  erroneously  referred.  As  previously  men- 
tioned, bronchiectasis  is  practically  always  found  in  the  portion  of  the 
bronchial  tree  beyond  the  stenosis.  In  general,  it  may  be  said  that  the 
physical  findings  in  bronchial  carcinoma  are  those  of  bronchial 
obstruction. 

Bronchoscopic  examination  may  confirm  a  diagnosis  of  bronchial  car- 
cinoma. Eenon,  Geraudel  and  Marre*''  report  such  a  case  (not  included 
in  list  through  lack  of  autopsy  findings),  in  which  the  lower  portion  of 
the  left  main  bronchus  was  seen  to  be  entirely  obstructed  by  a  neoplastic 
growth.  A  piece  of  the  tumor  was  removed  through  the  bronchoscope, 
examined  microscopically,  and  found  to  be  squamous-celled  in  character. 


65.  E6non,  L.:  Geraudel  et  Marre.  Presse  m6d.,  Paris,  1910,  xviii,  401. 
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Radioscopy  is  of  the  greatest  service  in  these  cases.  After  describing 
thirteen  eases  of  lung  and  bronchial  carcinoma  which  were  examined 
radioscopieally,  Otten^^  concludes  that  tumors  arising  from  a  large  bron- 
chus at  the  hilus  and  spreading  into  the  lung  as  a  compact  mass,  should 
give  little  difficulty;  that  difEerentiation  is  difficult  when  the  neoplasm 
spreads  diffusely  along  the  bronchial  tree,  and  that  the  skiagram  gives 
the  most  certain  information  of  any  method  in  regard  to  the  precise 
localization,  the  manner  of  spreading  and  the  extent  of  bronchial 
neoplasms. 

No  opportunity  should  be  lost  to  obtain  evidence  in  regard  to  the 
histological  character  of  the  neoplasm.  This  may  often  be  accomplished 
by  the  excision  of  a  metastatic  growth,  as  previously  mentioned;  by 
removal  of  a  specimen  through  the  bronchoscope,  or  by  careful  search 
of  the  sputum.  The  atypical  cells  were  recognized  in  the  sputum  in  four 
of  the  cases  in  our  list.  Stropeni^'''  said  that  no  symptom  was  pathog- 
nostic  except  the  finding  of  tumor  cells  in  the  sputum,  but  now  broncho- 
scopic  examination  and  removal  of  a  specimen  may  be  added  as  an  even 
more  satisfactory  procedure. 

Treatment. — In  the  past  the  diagnosis  of  bronchial  carcinoma  has 
been  considered  as  chiefly  of  prognostic  value.  However,  in  the  rapid 
advance  in  intrathoracic  surgery  the  condition  is  becoming  an  operable 
one.  Ders^*  reports  a  total  resection  of  a  carcinomatous  lung,  in  which 
case  the  death  of  the  patient  resulted  from  a  septic  process  developing  in 
the  lung  stump.  In  Lenhartz""'  group  of  cases  a  resection  of  a  carcin- 
omatous lobe  is  reported  in  which  the  patient  remained  'comparatively 
well  one  and  a  half  years  after  the  operation.  Kiittner'^"  and  Sauer- 
bruch^^  have  also  removed  large  sections  of  carcinomatous  lungs  with 
success.  The  early  diagnosis  of  this  condition  therefore  becomes  a  matter 
of  the  greatest  importance,  for  only  through  an  early  diagnosis  can  the 
patient  be  offered  any  hope  of  relief  or  cure.  With  this  in  view,  bronchial 
carcinoma  should  always  be  considered  a  possibility  in  diagnosing  lung 
conditions.  Patients  with  cough,  dyspnea,  hemoptysis  or  pressure  symp- 
toms in  various  combinations  of  intensity  should  be  studied  by  the  newer 
diagnostic  methods  which  have  been  applied  to  this  condition.  In  doubt- 
ful cases,  Adler^  advises  an  exploratory  thoracotomy. 

Modern  lung  surgery  furnishes  the  greatest  incentive  for  the  early 
diagnosis  of  bronchial  carcinoma,  and  it  is  hoped  that  this  study  will 
aid  in  making  such  diagnoses  possible. 

I  wish  to  acknowledge  my  gratitude  to  Dr.  A.  S.  Warthin  for  his  supervision 
and  assistance  in  the  preparation  of  this  study. 
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THE    LOCALIZATION    OF    IMPULSE    INITIATION    AND 
CONDUCTION    IN    THE    HEAET  * 
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It  has  ever  and  quite  naturally  been  true  that  the  discovery  of  a  new 
structure  immediately  has  started  an  effort  on  the  part  of  investigators 
to  determine  the  function  thereof,  and  conversely  that  the  discovery  of 
a  new  function  or  property  has  initiated  an  effort  to  discover  some 
structure  that  could  be  made  the  seat  of  such  function  or  property. 

The  history  of  the  localization  of  impulse  initiation  and  impulse 
conduction  in  the  heart  illustrates  in  a  striking  manner  these  tendencies 
and  their  effects.  The  heart  is  spontaneously  rhythmical.  Does  it 
contain  a  definite  structure  whose  purpose  it  is  to  initiate  this  spon- 
taneous rhythm?  Or,  again,  in  the  heart,  impulses  are  carried  from 
one  part  to  another.  Is  this  the  function  of  a  special  structure?  Con- 
versely, a  structure  is  found  in  the  heart  which  conceivably  might  act  as 
pace-maker,  while  still  another  is  found  which  might  well  serve  to  carry 
the  excitation  waves  from  point  to  point  in  the  heart.  At  once  experi- 
ments are  devised  with  the  object  of  obtaining  answers  to  these  questions. 
Nothing  could  be  more  logical,  nor  in  the  long  run  more  certain  of 
gaining  the  goal  than  such  a  course.  Nevertheless  there  is  a  danger, 
very  well  illustrated  by  the  history  of  these  subjects,  of  accepting  the 
bare  inference  in  either  direction  as  a  fact,  or  of  accepting  as  conclusive 
experiments  which  by  the  investigators  themselves  are  regarded  only  as 
suggestive,  or,  owing  to  the  reasonableness  of  the  inference,  there  even 
is  a  danger  that  the  investigators  themselves  may  be  led  to  draw  conclu- 
sions from  evidence  which  at  the  time  is  obviously  insufficient,  or  which 
time  may  show  to  have  been  insufficient. 

AA'hile  the  main  purpose  of  this  paper  is  to  review  critically  the  work 
that  has  been  done  in  the  effort  to  localize  the  functions  of  impulse 
initiation  and  conduction  in  the  h^art,  it  is  hoped  that  it  will  at  the  same 
time  serve  to  illuminate  the  way  to  some  of  the  pitfalls  and  dangers  and 
difficulties  that  beset  investigators  in  this  field  of  physiology. 


'Manuscript  submitted  for  publication  in  The  Archives  Dec.  16.  1912. 
'Lecture  read  before  the  Harvey  Society,  New  York,  Nov.  9,  1912. 
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/.     THE     LOCALIZATION     OF    IMPULSE     INITIATION 
HISTORICAL 

The  earliest  attempt  to  account  for  the  regularity  of  the  heart's 
action  led  the  older  physiologists  into  all  sorts  of  futile  hypotheses. 
Down  to  the  year  1813  the  term  "organic  insti7ict"  was  employed  to 
designate  it.^  Long  before  this  date,  however,  physiologists  were  in  the 
possession  of  facts  which  might  have  sufficed  for  a  generalization  closely 
approximating  the  truth  as  we  now  see  it.  Thus  Harvey  and  some  of  the 
older  anatomists  observed  the  movements  of  the  venae  cavae  to  continue 
in  some  of  the  lower  animals  after  the  auricles  had  ceased  to  move.  In 
the  search  for  the  uUimum  moriens  of  the  body,  Haller,  and  perhaps 
others  before  him,  discovered  that  in  cold-blooded  animals  the  right 
auricle  usually  survives  death  of  the  organism  longer  than  other  parts 
of  the  heart.  This  survival,  however,  was  not  attributed  to  any  property 
of  the  tissue  of  the  heart,  but  was  thought  to  be  due  to  the  fact  that  after 
death  the  right  side  of  the  heart  generally  contains  a  greater  or  less 
quantity  of  blood  which  was  supposed,  in  the  time  of  Haller,  to  supply 
the  stimulus  to  the  heart. 

Much  later,  in  1811,  I^ysten  was  able  to  confirm  Haller  from  a  study 
of  the  human  species  after  decapitation  by  the  guillotine.  Xysten, 
indeed,  went  one  step  farther;  he  studied  the  irritability  of  various 
regions  of  the  human  heart,  using  galvanism  as  the  stimulant  and  found 
that  usually  "those  parts  of  the  auricle  around  the  entrance  of  the 
venae  cavae  retain  their  contractility  longest." 

The  sequence  of  the  heart  beat  in  both  warm-  and  cold-blooded 
animals  was  also  known  at  this  time.  But  rather  than  refer  this  sequence 
to  any  definite  structure  in  the  heart  and  possibly  under  the  influence  of 
the  iatromechanists,  mechanical  rather  than  physiological  explanations 
of  the  orderliness  of  the  contractions  were  sought.  For  instance,  accord- 
ing to  Haller  and  Senac,  the  usual  sequence  of  the  several  chambers  is 
exactly  what  one  would  expect  if  the  blood  is  the  "habitual  stimulant 
on  which  the  movements  of  the  heart  depend."  In  view  of  the  fact  that 
the  contraction  of  the  heart  occurs  in  the  order  in  which  the  blood  flows 
into  its  different  cavities,  this  conclusion  seemed  quite  satisfactory.  The 
regular  sequence  of  the  auricles  and  ventricles  of  the  empty  heart  was 
attributed  by  Eeid,^  in  1839,  to  mechanical  stimulation  of  the  empty 
ventricle  by  the  tug  of  the  auricles.  Although  Eeid  apparently  was  not 
able  to  free  himself  entirely  of  the  influence  of  the  prevailing  hypotheses, 
he,  nevertheless,  records  an  experiment  which  led  him  to  suggest  in  a 
vague  fashion  another  possible  explanation  of  the  sequence  of  beat.  He 
discovered  that  an  empty  heart  would  beat  when  all  stimuli  were  removed 


1.  Reid:   In  Todd's  Encyclopedia  of  Anatomy  and  Pliysiology,  London,  1839, 
p.  607. 
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by  placing  it  in  the  exhausted  receiver  of  an  air  pump,  and  concluded 
that  "we  are  almost  obliged  to  have  recourse  to  the  supposition  that  there 
is  some  innate  power  in  the  heart  itself." 

As  an  example  of  another  type  of  mechanical  explanation  of  the 
transmission  of  the  impulse  along  the  heart  may  be  mentioned  here  in 
passing  one  suggested  by  Kiirschner^  in  1850.  Kiirschner  ventured  to 
suggest  that  the  valve  musculature,  which  is  described  in  the  second  part 
of  this  paper,  by  pulling  on  the  ventricles,  and  thus  putting  into  motion 
a  complex  mechanism,  determines  the  sequence  of  the  auricles  and 
ventricles. 

The  experiment  of  Stannius,  described  in  1852,  has  done  more,  how- 
ever, toward  putting  physiologists  on  the  right  track  than  any  other 
contribution  to  this  subject.  Stannius,  it  is  well  known,  separated  by 
means  of  a  ligature  the  sinus  from  the  auricles  in  the  frog's  heart  and 
found  that  the  sinus  then  continued  to  beat  with  undisturbed  rate, 
whereas  the  subjacent  parts  of  the  heart  came  to  rest.  It  was  this 
experiment,  as  interpreted  and  built  upon  by  Gaskell,  Englemann  and 
others,  forty  or  more  years  later,  that  finally  led  to  the  conception  that 
the  pace-maker  is  a  part  of  the  heart  itself,  and  that  part,  namely,  the 
sinus  region,  which  possesses  the  highest  grade  of  rhythmicity.  Before 
this  conclusion  was  generally  accepted,  however,  the  view  had  first  to 
be  overcome  that  the  beat  of  the  heart  is  dependent  on  the  ganglia, 
described  by  Eemak  shortly  before  Stannius  reported  the  results  of  his 
ligature  of  the  heart.  It  was  Gaskell  who  showed  that  in  the  frog's 
heart  rhythmicity  is  not  located  in  the  ganglia,  but  "in  those  parts  of 
the  heart  muscle  which  remain  least  altered  both  in  circular  arrangement 
of  their  fibers  and  in  their  physiological  status." 

We  may  be  permitted  to  recall  in  this  connection  a  recently  closed 
chapter  in  the  physiology  of  the  heart,  because  it  illustrates  so  well  the 
pitfalls  in  the  path  of  our  efforts  to  attach  function  to  a  likely  structure. 
Kaiser,^  in  1894,  reported  that  if  the  frog's  heart  is  brought  to  a  stand- 
still by  tying  off  the  sinus,  a  single  stimulus  applied  to  the  surface  of 
either  the  auricle  or  the  ventricle  is  followed  by  only  a  single  response; 
whereas  if  the  stimulus  be  applied  in  the  region  of  Bidder's  ganglion  in 
the  auriculoventricular  ring,  each  single  stimulation  is  followed  by  a 
series  of  rhythmical  contractions.  He  then  goes  on  to  say  that  "if 
Bidder's  ganglion  be  removed,  stimulation  in  the  region  which  before 
aroused  a  series  of  responses  now  gives  only  one  response  for  each 
stimulus."  Kaiser,  therefore,  regarded  the  ganglion  as  the  rhythmical 
center  of  the  heart.     Gaskell  has  shown  since,  however,  that  Kaiser's 


2.  Kiirschner:    Wagner's    HandwOrterbuch    der    Physiologie,    Braunschweig, 
1850,  p.  80. 

3.  Kaiser:  See  Martin,  Bull.  Johns  Hopkins  Hosp.,  1905,  xvi,  380. 
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conclusions  were  based  on  faulty  experimentation.  By  working  more 
carefully,  Gaskell  proved  that  Bidder's  ganglion  might  be  pierced  with 
a  needle  without  causing  any  contractions  of  the  heart;  whereas  the 
slightest  prick  of  the  muscular  tissue  in  the  auriculoventricular  groove 
would  give  rise  to  a  series  of  contractions.  Obviously  Kaiser  had  stimu- 
lated the  heart  tissue  subjacent  to  the  ganglion,  though  he  believed  he 
was  stimulating  the  ganglion  only.  It  is  hoped  that  subsequent  sections 
of  this  paper  will  serve  to  show  how  closely  akin  to  this  problem  and  to 
the  methods  of  solving  it,  is  the  problem  of  impulse  initiation  as  it 
presents  itself  to  us  to-day. 

ANATOMICAL 

The  recent  impetus  given  to  the  attempts  to  localize  a  pace-maker  of 
the  heart  is  perhaps  due  more  to  certain  recent  advances  in  the  anatomy 
of  the  heart  than  to  any  other  one  cause,  and  we  must,  therefore,  first 
direct  attention  to  the  light  which  has  been  shed  on  our  subject  by  the 
efforts  of  anatomists. 

Of  the  primitive  hearts,  that  of  the  eel  is  selected  as  a  t}^e,  owing  to 
the  care  with  which  its  physiology  has  been  studied,  and  because  it  seems 
to  elucidate  especially  well  some  of  the  problems  with  which  this  paper 
deals.  This  heart*  comprises  three  contractile  cavities,  the  sinus  venosus, 
the  auricle  and  the  ventricle.  The  arrangement  and  relations  of  these 
chambers  are  shown  only  diagrammatically  in  Figure  1.  At  the  junction 
of  the  sinus  with  the  auricle  the  whole  circumference  of  the  sinus  wall 
does  not  terminate  directly  in  the  proper  auricular  tissue,  for  here  the 
proper  auricular  tissue  does  not  form  a  complete  chamber,  its  floor  being 
made  up  of  what  appears  to  be  a  direct  prolongation  of  the  ventral  wall 
of  the  sinus.  The  auricle  is  not  directly  continuous  with  the  ventricle; 
there  is  a  short  intervening  tubular  communication  resembling  the 
canalis  auricularis.  This  connection  is  effected  by  means  of  an  extremely 
narrow  and  prolonged  strand  of  muscle  fibers  which  is  prolonged  from 
the  muscular  wall  of  the  auricular  canal,  and,  penetrating  a  considerable 
amount  of  connective  tissue  which  lies  in  that  situation,  at  length 
becomes  continuous  with  the  muscular  substance  of  the  ventricle.  The 
mucular  continuity  between  the  canalis  and  the  ventricle  is  established 
by  means  of  a  remarkably  long  and  slender  isthmus  of  muscle  substance 
which  becomes  continuous  with  the  central  fibers  of  the  ventricle.  In 
an  effort  to  show  the  relation  of  the  mammalian  heart  to  that  of  the 
eel,  Figure  2  has  been  evolved.  We  do'  not  mean  to  maintain  that  the 
assumptions  involved  in  this  diagram  would  pass  muster  before  a  com- 
parative anatomist.    Be  that  as  it  may,  the  diagram  has  proved  of  great 


4.  McWilliam:    Jour.   Physiol.,   1885,  vi,   192,  from  which  what  follows  is 
largely  quoted. 
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service  in  the  attempt  to  unif\^  the  contributions  to  the  subject  of  impulse 
initiation  and  conduction. 

Inasmucli  as  tlie  sinus  is  the  pace-maker  of  the  cold-blooded  heart, 
it  behooves  us  first  to  determine  what  becomes  of  the  sinus  in  the  evolu- 
tion of  the  heart  to  the  mammalian  form.  The  embryological  method  of 
determining  this  matter  has  been  pursued  by  His.^  His  investigations 
have  shown  that  in  the  course  of  development  the  counterpart  of  the 
sinus  venosus  of  the  cold-blooded  heart  becomes  in  the  human  heart  the 
part  of  the  right  auricle  which  His  designates  the  sinus  reuniens.*'  One 
portion  of  the  sinus,  namely,  the  coronary  sinus,  according  to  His, 
persists  as  an  easily  distinguishable  structure;  the  right  horn  of  the 
sinus,  however,  sinks  deep  into  the  auricle,  and  the  walls  of  these  two 
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Fig.  1. — Heart  of  the  eel.     Diagrammatic.     Modified  from  Mc^Yilliam. 


regions  become  fused  to  such  an  extent  that  anatomists,  to  quote,  "as 
yet  have  had  no  occasion  to  designate  the  sinus  as  a  definite  part  of  the 
heart."  Nevertheless,  its  limits  are  distinguishable  at  all  ages.  Exter- 
nally it  is  delimited  on  the  right  by  the  sulcus  terminalis,  a  groove  on  the 
surface  of  the  heart  just  to  the  right  of  the  opening  into  the  auricles  of 
the  superior  and  inferior  venae  cavae.  On  the  inner  surface  of  the  auricle 
corresponding  with  the  sulcus  terminalis  is  a  ridge,  the  tenia  terminalis. 
To  the  right  of  this  ridge  the  wall  of  the  auricle  is  roughened  by  the 
pectinate  muscle;  to  the  left  it  is  smooth.     This  smooth  part  is  the 


5.  His:   Anatomie  menschlicher  Embryonen,  Leipzig,  1880,  p.  148. 
G.  Tlie   terms    sinus    reuniens    and    sinus    venosus    will    be    employed    inter- 
changeably. 
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region  of  the  sinus  reuniens.  By  the  comparative  anatomical  path  as 
pursued  by  Keith  and  Flack/  the  sinus  in  the  adult  mammalian  heart 
has  been  found  to  have  practically  the  same  contour.  These  investigators 
also  state  that  in  the  mammalian  heart  the  greater  part  of  the  sinus  is 
submerged  by  an  overgrowth  of  muscular  tissue  of  other  regions.  Accord- 
ing to  Keith  and  Flack,  "two  parts  only  are  left  exposed  on  the  surface 
of  the  heart:  (1)  the  musculature  of  the  superior  vena  cava,  (2)  the 
musculature  of  the  coronary  sinus." 

We  may  therefore  conclude  that  in  the  mammalian  heart  the  rem- 
nants of  the  sinus  venosus  are  to  be  found  in  an  extensive  area  of  the 
right  auricle.  Eoughly,  this  area  may  be  said  to  occupy  the  region 
between  and  including  the  superior  vena  cava  above  and  the  coronary 
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Fiff    2. Mammalian  heart.     Diagrammatic.     Figures   1   and  2  are  drawn  to 

show  "schematically  the  probable  homologies  of  the  cold-blooded  and  warm- 
blooded hearts. 

sinus  below,  and  extending  from  this  region  to  the  insertion  of  the 
interauricular  septum  into  the  auriculoventricular  Junction  (Fig.  3). 
The  amount  of  sinus  tissue  persisting  is  not  made  clear;  presumably 
but  little  remains. 

In  the  same  paper,  Keith  and  Flack  describe  the  structure  now  known 
as  the  sinus  node  or  the  node  of  Keith  and  Flack.  This  node,  owing 
largely  to  the  suggestion  thrown  out  by  Keith  and  Flack  to  the  effect 
that  in  it  "the  dominating  rhythm  of  the  heart  normally  begins/'  has 
since  assumed  great  prominence  in  the  literature  of  the  subject  of  impulse 


7.  Keith  and  Flack:   Jour.  Anat.  and  Physiol,  1907,  xli,  172. 
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initiation,  whole  volumes  having  already  been  written  on  it.  Originally 
described  as  "numerous  peculiar  muscle  fibers,  some  nerve  cells  and 
nerve  fibers''  surrounding  the  artery  lying  in  the  sinoauricular  junction 
and  located  in  the  groove  termed  by  His  the  sulcus  terminalis,  this 
node,  or  perhaps,  the  so-called  specialized  tissue  of  this  region,  has  with 
further  investigation  assumed  a  more  definite  form,  and  what  is  of 
greater  significance  in  the  interpretation  of  the  results  of  experimenta- 
tion, has  grown  in  extent  and  complexity.  Thus  Koch^  has  shown  that 
it  is  club-shaped,  a  distinct  enlargement,  known  as  the  head,  sending  a 
few  fine  strands  back  into  the  angle  between  the  superior  cava  and  the 
right  auricular  appendix,  and  a  long  tapering  process  downward  to 
terminate  midway  between  the  superior  and  inferior  cavae  (Fig.  2). 
Thorel,^  on  the  other  hand,  described  not  alone  a  structure  of  this  form, 
but  in  addition  many  strands  beginning  as  loops  around  the  superior 
cava,  and  extending  downward  as  far  as  the  coronary  sinus  (Fig.  2). 
The  fibers  of  the  node  communicate  freely  with  the  heart  muscle  fibers 
that  surround  it.  It  is  important  to  bear  in  mind  that  the  siuus  node 
is  not  the  sinus  venosus,  but  is  a  so-called  specialized  tissue  Jying  in  the 
sino-auricular  junction. 

Although  the  discussion  of  the  anatomy  of  the  auriculoventricular 
bundle  is  reserved  for  the  second  part  of  this  paper,  it  is  necessary  to 
state  here  that  this  structure  is  now  believed  to  be  a  remnant  of  the  part 
of  the  primitive  heart-tube,  known  as  the  canalis  auricularis,  which 
unites  the  sinus  venosus  with  the  ventricle.  It  consequently  should  be 
termed  the  sino  ventricular  instead  of  the  auriculoventricular  bundle. 

PHYSIOLOGICAL    SECTION- 
GENERAL   LOCALIZATION    IN    THE    MA]^[MALIAN    HEAET 

In  the  past  the  study  of  the  heart  beat  in  cold-blooded  animals  has 
been  of  inestimable  service  in  the  elucidation  of  the  functions  of  the 
warm-blooded  heart.  Experience  of  many  years  has  shown  that  prac- 
tically all  of  the  findings  obtained  from  the  study  of  the  former  can  be 
applied  with  but  slight  modification  to  the  latter.  Such  knowledge  of 
the  site  of  normal  impulse  initiation  as  we  have  gained  from  observation 
of  the  cold-blooded  heart  should,  therefore,  be  of  service  to  those  who 
are  now  concerned  with  this  problem  as  it  applies  to  the  warm-blooded 
heart.  In  cold-blooded  animals  the  beat  starts  in  the  great  veins  above 
the  point  where  they  unite  with  the  sinus  venosus,  or  if  not  there,  cer- 
tainly not  below  the  sinus  venosus.^"    In  view  of  the  picture  by  Keith 

8.  Koch:  Med.  Klin.,  1911,  No.  12. 

9.  Thorel:  Verhandl.  d.  deiitsch.  path.  Gesellsch.,  1910,  p.  71. 
10.  Meek  and  Eyster:  Am.  .Jour.  Physiol.,  1912,  xxxi,  31. 


JOSEPH    ERLANGER  341 

and  Flack  indicating  that  in  the  turtle's  heart  there  is  at  the  sino- 
auricular  junction  a  collection  of  tissue  which  closely  resembles  the  sinus 
node  of  higher  animals  and  seems  to  be  its  homologue,  we  wish  to  lay 
special  stress  on  the  fact  that  the  beat  of  the  turtle's  heart  does  not 
begin  in  the  sinoauricular  junction.  Just  what  becomes  of  the  great 
veins  in  the  evolution  of  the  heart  has  not,  so  far  as  I  am  aware,  been 
determined.  Presumably  they  become  incorporated  with  the  sinus  in  the 
wall  of  the  right  auricle.  We  should,  therefore,  expect  the  beat  of  the 
mammalian  heart  to  begin  in  the  right  auricle  in  the  region  of  the  sinus 
venosus,  or  in  the  veins  opening  into  it ;  not  at  the  sinoauricular  junction. 

EHYTHMICITY    OF    THE    RIGHT    AUEICLE 

Attention  has  already  been  called  to  the  observation  of  ISTysten  to 
the  effect  that  the  right  auricle  is  the  part  of  the  heart  of  man  that 
longest  preserves  its  irritability  to  the  constant  current,  and  that  for  a 
long  time  this  region  was  known  to  be  the  uUimum  moriens  of  the  body. 
That  the  right  auricle  is  the  most  rhythmical  part  of  the  mammalian 
heart  can  be  demonstrated  in  a  striking  manner  by  severing  functionally 
the  right  auricle  from  the  rest  of  the  heart,  but  leaving  its  nutritive 
connection  with  the  heart  for  the  most  part  undisturbed.  When  this  is 
done  the  right  auricle  invariably  beats  more  rapidly  than  the  rest  of  the 
heart.^^  When  the  functional  separation  is  not  quite  complete  a  partial 
block  may  develop,  every  other  or  every  third  beat  of  the  right  auricle 
determining  a  beat  of  the  rest  of  the  heart.^^  It  is  of  interest  in  this 
connection  that  the  left  auricle,  when  severed  from  the  rest  of  the  heart 
by  the  same  method,  usually  ceases  to  beat  at  once  and  definitively.  It 
is  therefore  obvious  that  the  part  of  the  heart  in  which  the  sinus  venosus 
lies  buried,  normally  determines  the  beat  of  the  heart. 

EXACT  LOCALIZATION  IN  MAMMALIAN  HEART 
GENERAL  REMARKS 

In  considering  the  efforts  directed  toward  a  more  exact  localization 
of  the  site  of  impulse  initiation  reference  may  at  once  be  made  to  the 
view,  which  now  is  widely  considered  a  demonstrated  fact,^*  that  the 
sinus  node  of  Keith  and  Flack  is  the  normal  pace-maker  of  the  heart. 
At  the  very  beginning  of  the  discussion  of  this  subject  we  wish  to  call 
attention  again  to  certain  a  priori  considerations  that  are  opposed  to 
this  view.     The  sinus  node  lies  in  the  sinoauricular  junction;  if  it  is 


11.  Fredericq:  Acad.  roy.  de  Belg.  Bull,  de  la  cl.  sc,  1901,  p.  126;  ref.  Arch, 
internat.  de  physiol.,  1912,  xii,  109;  Erlanger  and  Blackman:  Am.  Jour.  Physiol., 
1907,  xix,  125. 

12.  Erlanger  and  Blackman:  Am.  Jour.  Physiol.,  1907,  xix,  125. 

13.  See,  for  example,  Howell,  Text-Book  of  Physiology,  Phila.,  1911,  Ed.  4, 
p.  529. 
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the  pace-maker  it  would  therefore  follow  that  in  the  mammalian  heart 
the  beat  begins  in  this  junction.  This,  we  have  seen,  is  not  the  case  in 
lower  forms.  It  should  be  borne  in  mind,  however,  that  the  last  word 
has  not  yet  been  said  with  regard  to  the  anatomy,  or  better  perhaps  with 
regard  to  the  homologies  of  the  sinus  node.  According  to  Koch's  latest 
description,  the  node  in  the  dog  is  two  or  more  centimeters  long,  while 
Thorel  claims  that  the  so-called  specialized  tissue  of  this  region  is  not 
confined  to  the  sinus  node  of  Keith  and  Flack,  but  occurs  in  a  rather 
extensive  area;  an  area,  it  would  seem,  that  is  almost  coterminal  with 
the  sinus  region  (Fig.  2).  If  the  latter  view  should  prove  to  be  correct, 
then  to  say  that  impulse  initiation  is  localized  in  the  specialized  tissue 
is  tantamount  to  saying  that  it  is  localized  in  the  sinus.  However  this 
may  be,  in  the  attempts  to  determine  whether  or  not  the  sinus  node  is 
the  normal  pace-maker,  practically  all  investigators  have  had  before 
them  the  node  as  pictured  by  Koch. 

IXSPECTION 

The  first  effort  toward  a  more  exact  localization  of  impulse  initiation 
in  the  warm-blooded  heart  was  made  by  McWilliam^*  in  1888.  Mc Will- 
iam observed  that,  in  the  dying  heart,  spontaneous  contractions  begin 
either  just  at  the  point  of  union  of  the  great  veins  with  the  heart,  or 
in  the  wall  of  the  veins  a  short  distance  above  this  point.  The  same 
method  of  observation  in  the  hands  of  other  investigators  has  yielded  a 
somewhat  similar  result.  Thus  in  the  dying  heart  of  the  rabbit,  Hering^^ 
found  that  contraction  waves  may  start  in  the  region  of  the  mouths  of 
the  two  superior  cavae,  and  in  the  dog's  heart^"  usually  at  the  mouth  of 
the  superior  vena  cava;  occasionally,  however,  at  the  mouth  of  the 
inferior  vena  cava.  Fredericq^^  finds  that  in  the  dog  the  impulse  starts 
in  the  right  auricle  between  the  two  cavae.  I  have  often  watched  for 
the  spot  from  which  the  last  or  the  first  impulse  starts  in  the  dying  or 
reviving  heart,  respectively,  of  mammals,^-  but  have  never  succeeded  in 
making  a  finer  localization  than  to  the  region  of  the  gi'eat  veins  as  a 
whole.  Finally  Koch  has  concluded  from  observations  on  the  hearts  of 
still-born  human  fetuses  that  the  beat  starts  in  the  coronary  sinus.  It 
is,  therefore,  obvious  that  inspection  of  the  heart  certainly  locates  the 
site  of  impulse  initiation  in  the  region  of  the  sinus  venosus,  possibly 
nearer  to  the  superior  than  to  the  inferior  cava.  A  finer  localization  by 
this  method  does  not  seem  to  be  possible.  It  should  be  borne  in  mind, 
however,  that  the  logic  of  this  method  of  determining  the  normal  cardio- 
motor  area  is  not  entirely  clear.    It  serves  to  locate  the  most  viable  parts 


14.  McWilliam:    Jour.  Physiol.,   1888.   ix,   107. 

15.  Hering:  Pfliiger's  Arch.  f.  d.  gos.  Physiol.,  1900,  Ixxxii,  21. 

16.  Hering:  Miinchen.  med.  Wchnschr..  IflOO.  Ivi,  845. 

17.  Fredericq:  Arch,  internat.  de  physio!.,  1906,  iv,  60. 
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of  the  heart,  not  those  possessing  the  highest  rate  of  rhythm,  which,  after 
all  has  been  said,  is  the  property  that  determines  the  seat  of  origin  of 
the  contraction  wave. 

EHYTHMICITY  OF  DIFFERENT  REGIONS  OF  THE  RIGHT  AURICLE  AS  DETER- 
MINED BY  EXCISION  AND  BY  STRIPS 

The  above-mentioned  experiments  show  that  the  most  highly  rhyth- 
mical portion  of  the  heart  is  the  right  auricle.  Are  all  parts  of  this 
region  equally  rhythmical,  or  are  certain  parts  more  rhythmical  than 
others?  By  excising  in  various  ways  various  parts  of  the  auricles  of  the 
perfused  cat's  heart  and  noting  the  effect  on  the  heart  rate,  it  was 
shown^2  in  1907  that  the  region  of  the  great  veins  probably  possesses 
the  highest  grade  of  rhythmicity,  but  that  the  rhythm  of  this  region 
exceeds  but  little  that  of  the  coronary  sinus  region.  It  was  pointed  out, 
however,  that  this  method  is  open  to  the  objection  that  the  cuts,  by 
altering  the  distribution  of  the  perfusion  fluid  to  the  several  parts  of  the 
auricles,  might  have  altered  the  rhythmicity  of  neighboring  parts.  Three 
years  later  it  was  discovered  that  strips  of  the  cat's,  rabbit's  and  dog's 
auricle,  when  excised,  placed  in  a  bath  of  Locke's  solution,  and  occa- 
sionally stimulated  tetanically,  would  give  a  beautiful  series  of  beats, 
and  for  hours,  provided,  however,  that  the  strips  contained  tissue  from 
that  region  of  the  right  auricle  which  approximately  coincides  with  the 
sinus  reuniens  of  His.^^  These  experiments  furnish  further  evidence  in 
favor  of  the  view  that  the  beat  is  initiated  in  the  sinus  region.  But 
what  is  of  greater  significance  to  the  present  discussion  is  the  observa- 
tion made  by  the  aid  of  this  method  that  the  regions  of  the  superior 
vena  cava,  of  the  inferior  vena  cava  and  of  the  coronary  sinus  possess 
approximately  the  same  grade  of  rhythmicity.  Within  the  last  few 
months  this  observation  has  been  completely  confirmed  by  Moorhouse,^^ 
who,  in  addition,  has  controlled  his  experiments  by  exactly  localizing  the 
sinus  node  by  means  of  serial  sections.  His  experiments  show  in  a 
striking  manner  that  a  strip  containing  the  sinus  node  as  compared  with 
strips  made  from  the  auricle  just  below  the  node  or  just  posterior  to  the 
node,  is  far  from  exhibiting  a  constant  predominance  of  rate. 

Furthermore,  it  has  been  found  that  stimulation  of  auricular  strips 
frequently  is  followed  by  an  acceleration  of  the  rate  of  their  beat.^-  Such 
an  acceleration  is  obtained,  however,  only  when  the  part  of  the  strip 
stimulated  is  from  the  sinus  region  of  the  heart.  In  their  analyses  of 
the  functions  of  the  various  parts  of  the  cold-blooded  heart,  Gaskell, 
Engelmann,  McWilliam  and  others,  lay  the  greatest  stress  on  this  reac- 
tion of  heart  muscle  to  stimulation,  maintaining  that  it  is  characteristic 
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of  highly  rhythmical  tissues.  However  this  may  be,  it  cannot  be  without 
interest  that  in  the  mammalian  heart  this  response  is  obtained,  not  alone 
from  the  region  of  the  sinus  node,  but  from  the  whole  of  the  sinus  region. 

EVIDENCE  rURXISHED  BY  ACTION"  OF  DRUGS  ON  STRIPS 

Inasmuch  as  a  great  deal  of  stress  is  laid  in  this  paper  on  evidence 
furnished  by  strips  of  the  auricles  beating  in  Locke's  solution,  it  is  of 
prime  importance  to  prove  that  such  evidence  is  valid.  In  the  case  of 
the  cold-blooded  heart,  strips  have  for  many  years  been  employed  for  the 
purpose  of  determining  the  properties  of  the  various  parts  of  the  heart, 
and  of  interpreting  the  response  of  the  heart  to  stimuli  of  all  kinds.  So 
far  as  I  am  aware,  all  of  the  material  thus  obtained  has  been  accepted 
by  physiologists  without  question  as  applying  to  the  whole  heart.  ■N'ever- 
theless  we  must  be  prepared  to  show  that  mammalian  strips  do  react  as 
does  normal  heart  muscle.  Moorhouse  is  now  engaged  in  an  effort  to 
gather  evidence  bearing  on  this  question.  His  main  method  is  to  study 
the  behavior  of  strips  when  bathed  in  Locke's  solution  to  which  various 
of  the  so-called  heart  drugs  are  from  time  to  time  added.  Although  this 
research  is  not  yet  completed,  it  has  proceeded  far  enough  to  justify  the 
statement  that  the  strips  containing  sinus  tissue  respond  exactly  as  does 
the  whole  heart  to  drugs  which  are  supposed  to  act  on  muscle  tissue  as 
well  as  on  the  nervous  tissue.  Of  the  latter  group,  nicotin,  which  is 
supposed  first  to  stimulate  and  then  to  paralyze  the  terminals  of  pre- 
ganglionic fibers  (inhibitory  fibers  here)  first  inhibits  and  subsequently 
accelerates  the  strips  just  as  it  does  the  whole  isolated  heart.  Pilocarpin, 
which  slows  the  whole  heart  presumably  by  stimulating  the  vagus  ter- 
minals in  the  heart  muscle,  also  slows  the  strips,  and  this  action  can  be 
prevented  as  in  the  whole  heart  by  atropin.  Atropin  given  alone  causes 
the  well-known  acceleration  by  paralyzing  the  vagus  terminals,  and 
epinephrin  causes  the  usual  acceleration,  presumably  by  stimulating  the 
accelerator  terminals  in  the  muscle.  Of  the  drugs  whose  prime  action 
presumably  is  on  muscular  tissue,  all  that  have  been  tried,  namely,  caffein, 
the  digitalis  group  and  aconite,  increase  the  rate  of  the  beat  and  the  tone 
of  strips  as  well  as  of  the  whole  heart.  There  can  be  no  doubt,  therefore, 
that  the  auricular  strips  behave  like  perfectly  normal  intact  auricles. 

Great  emphasis  has  been  laid  by  all  writers  who  have  dealt  with  the 
histology  of  the  nodes,  on  the  presence  in  them  of  what  is  termed 
specialized  tissue.  The  nodes  have  peculiar  histological  characteristics, 
which  are  designated  "embryonic."  It  is  assumed  by  many  of  these 
writers  that  "embryonic"  tissue  is  more  rhythmical  than  other  heart 
tissue,  and  that  consequently  the  nodes  are  the  motor  centers  of  the 
heart.  Now  to  come  to  the  point,  if  this  tissue  is  specialized  in  the 
direction  of  rhythmicity,  the  sinus  node,  or  the  strip  containing  it, 
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should  not  alone  be  more  rhythmical  than  companion  strips  containing 
no  nodal  tissue,  which  we  have  seen  is  not  the  case,  but  in  addition  it 
should  show  a  specialized  response  to  the  heart  drugs.  It  has  been  found 
by  Moorhouse,  however,  that  if  there  is  any  difference  at  all  in  the 
behavior  of  the  strips  toward  the  drugs  above  mentioned,  it  is  in  the 
direction  of  greater  rhythmicity  on  the  part  of  the  companion  sinus 
strips,  not  the  nodal  strip.  We  may,  therefore,  conclude  with  the  state- 
ment that  if  it  should  eventually  be  proved  that  the  sinus  node  is  the 
motor  center  of  the  heart  it  would  not  have  this  function  by  virtue  of 
its  rhythmical  properties. 

SIGNIFICANCE    OF    SLOWING    AND    STOPPAGE    FEOM    EXCISION    OF 
THE  SINUS  REUNIENS 

Another  method  extensively  employed  in  the  effort  to  localize  the 
pace-maker  of  the  heart  has  been  to  determine  whether  or  not  there  is  a 
definite  and  fixed  area,  excision  of  which  invariably  stops  the  heart,  or 
permanently  slows  its  rate.  The  interesting  results  that  this  method  has 
yielded  have  usually  been  applied  to  the  problem  in  hand  without  bearing 
in  mind  all  of  the  possibilities  in  the  case.  It  is  appreciated  that  the 
most  plausible  explanation  of  loss  of  activity  following  removal  of  a 
part  of  an  organ  is  that  the  part  removed  determines  that  activity. 
Nevertheless,  this  is  by  no  means  the  only  explanation ;  it  is  conceivable, 
for  instance,  that  such  a  removal  may  result  in  the  establishment  of  a 
block  between  a  region  of  high  and  of  low  rhythmicity  under  which  cir- 
cumstances the  latter  region,  as  is  well  known,  will  temporarily  stop 
beating  and  then,  after  the  awakening  of  its  inherent  rhythmicity,  begin 
to  beat  again,  though  more  slowly  than  before.  It  is  also  conceivable  that 
as  a  result  of  injury  or  of  partial  removal,  the  function  of  the  parts 
remaining  may  be  altered  or  annulled  temporarily  for  reasons  that  at 
present  are  not  entirely  clear.  The  central  nervous  system  offers  inter- 
esting and  familiar  examples  of  temporary  loss  of  activity  in  parts  not 
directly  injured  or  removed.  Thus,  immediately  after  the  onset  of  hem- 
iplegia, all  of  the  underlying  reflexes  are  abolished,  the  paralysis  is 
flaccid;  soon,  however,  the  reflexes  return  and  the  paralysis  then  becomes 
spastic. 

The  heart  itself  offers  a  familiar  instance  of  the  wide-spread,  and  at 
present  inexplicable,  effect  of  local  injury  or  stimulation.  It  is  a  well- 
known  fact  that  momentary  stimulation  of  any  point  on  the  auricles  or 
on  the  ventricles  may  throw  the  whole  of  the  corresponding  chambers 
into  fibrillation.  It  has  been  shown  by  Garrey^"  that  this  continued 
incoordination  is  not  due  to  any  influence  emanating  primarily  from  the 
site  stimulated.     For  if  the  area  that  Avas  stimulated  be  excised  while 


20.  Verbal  communication. 


346  THE     ARCHIVES     OF    INTERNAL     MEDICINE 

fibrillation  is  continuing,  the  incoordination  of  the  heart  does  not  stop ; 
whereas  the  area  excised,  namely,  the  one  that  was  stimulated,  may  at 
once  cease  to  fibrillate. 

"With  this  analysis  in  mind  we  may  review  first  the  results  on  the 
rate  of  the  heart  beat  of  excision  of  the  sinus  region  and  of  the  sinus 
node.  Excision  of  the  whole  sinus  region  is  in  effect  the  first  ligature 
of  Stannius,  by  which  the  sinus  of  the  frog's  heart  is  functionally 
separated  from  the  rest  of  the  heart.  In  this  experiment,  it  will  be 
recalled,  the  sinus  continues  to  beat,  whereas  the  subjacent  parts  cease 
beating  for  some  time.  When  eventually  the  distal  parts  begin  to  beat 
it  is  usually  with  normal  sequence  and  a  slow  rate.  It  is  obvious  that, 
owing  to  the  complete  fusion  of  the  sinus  with  the  auricle,  the  exact 
repetition  of  this  experiment  is  not  possible  in  mammals.  For  to  remove 
all  sinus  tissue  would  involve  removing  practically  all  of  the  right  auricle, 
with  the  exception  of  the  appendix  and  neighboring  tissue,  down  to  and 
including  the  beginning  of  the  auriculoventricular  bundle.  The  Stannius 
experiment  has,  however,  been  approximated  in  mammals.  In  1907 
it  was  shown^^'  ^-  that  in  the  dog's  heart  ifi  situ  clamping  off  of  all  of  the 
region  of  the  great  veins  with  a  specially  devised  clamp  may  result  in  a 
temporary  stoppage  of  tlie  heart,  and  occasionally  perhaps  a  persisting 
slight  slowing  of  the  heart  rate.  In  the  perfused  heart  it  was  shown  that 
excision  of  this  region  frequently,  although  by  no  means  invariably, 
results  in  transitory  stoppage  of  the  parts  of  the  heart  below  it,  which, 
after  recovery,  usually  beat  at  a  permanently  slowed  rate."^  These  experi- 
ments were  performed  before  the  node  of  Keith  and  Flack  was  described ; 
there  is  not  the  slightest  doubt,  however,  but  that  the  sinus  node  was 
invariably  included  in  the  tissue  removed.  It  happens  not  infrequently 
that  this  operation  is  followed  by  the  disappearance  of  the  as-vs  pause; 
the  auricles  and  ventricles  contracting  synchronously  instead  of  in 
sequence.    But  of  this  particular  subject  more  later. 

r.ESULTS    OF    EXCISIOIS'    OF    THE    NODE 

Since  the  node  was  described  in  1907,  attention  has  been  directed  to 
the  effects  of  removing  the  region  containing  it  alone,  as  compared  with 
the  removal  of  other  regions.  The  results  reported  seem  to  be  most 
inconstant.  Flack,--  one  of  the  discoverers  of  the  node,  and  Jtiger,-^ 
experimenting  with  the  dog's  and  cat's  hearts  hearts  in  situ,  report  totally 
negative  results  when  the  nodal  region  is  excised  or  destroyed  by  heat. 
These  experiments  were  carefully  controlled  by  histological  examination. 


21.  This  result  differs  materially  from  that  previously  reported  by  Lanwen- 
dorff  and  Lelimann  (Arch.  f.  d.  {^es.  Physiol.,  1906,  Ixii.  .352)  but  has  been  abun- 
dantly confirmed  by  others. 
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Magnus-Alsleben^*  also  reports  totally  negative  results  in  the  perfused 
heart  of  the  rabbit.  Lohmann-^  applied  formaldehyd  solution  to  the 
region  of  the  node  and  obtained  a  slowing  of  the  heart  rate.  It  is 
scarcely  necessary  to  call  attention  to  the  obvious  difficulty  of  localizing 
the  effects  so  produced.  Brandenburg  and  Hoffmann^^  have  attempted 
the  isolation  of  the  nodal  region  by  means  of  cold.  They  state  that  when 
this  region  is  thus  isolated  there  is  always  a  sudden  change  in  the  rate 
and  sequence  of  the  heart  beat.  Their  article  is,  however,  full  of  state- 
ments which  scarcely  can  be  reconciled  with  their  conclusions.  For 
instance,  they  state  that  injury  to  the  auricles  may  cause  other  parts  of 
the  auricles  to  become  the  pace-maker.  One  is  inclined  to  ask  the  ques- 
tion :  Does  this  not  provide  them  with  a  means  of  accounting  for  excep- 
tions to  the  rule  ?  It  is  for  the  purpose  of  avoiding  injury  to  the  auricles 
that  they  use  cold  to  isolate  the  various  regions  of  the  auricles;  despite 
this  fact,  they  find  that  if  the  sinus  node  be  isolated  on  three  sides  of  a 
quadrangle  by  means  of  cuts,  cooling  of  the  node  still  causes  the  changes 
in  rate  mentioned  above.  Why,  one  might  ask,  do  not  the  parts  of  the 
auricle  injured  by  the  cuts  in  this  case  now  determine  the  beat  of  the 
heart  ? 

Quite  recently  Cohn  and  Kessel,"  working  with  the  perfused  dog's 
heart,  stated  in  a  preliminary  note  that  the  last  of  four  cuts  removing 
a  rectangular  area  containing  the  sinus  node  always  causes  stoppage  with 
subsequent  slowing,  or  at  least  subsequent  slowing  of  the  auricles,  which 
never  regain  their  former  rapidity;  that  when  the  excision  of  the  node 
is  incomplete  no  change  in  rate  results.  They  consequently  conclude 
that  the  node  is  the  pace-maker  of  the  heart.  In  view  of  the  obvious 
differences  between  these  results  and  those  obtained  by  myself  working 
with  Blackman,  the  experiments  of  Cohn  and  Kessel  were  repeated  with 
certain  modifications  by  Moorhouse.^^  Moorhouse  studied  the  reaction 
of  the  perfused  dog's  heart  after  excision  of  two  rectangular  strips,  one 
(a)  containing  the  sinus  node,  the  other  (b)  immediately  below  this, 
but  still  a  part  of  the  sinus  reuniens.  Fifty  experiments  in  all  were 
made,  all  with  the  greatest  of  care  and  with  exacting  controls.  Inas- 
much as  the  results  obtained  were  almost  identical  in  the  case  of  strips 
(a),  and  (b)  the  conclusion  was  reached  that  there  is  a  balance  of 
rhythmical  power  through  the  caval  portion  of  the  sinus  region.  The 
nodal  region  is  not  more  rhythmical  than  neighboring  regions  of  the 
sinus  reuniens. 
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The  final  report  of  Cohn,  Kessel  and  Mason^*  then  appeared.  It 
profoundly  modified  their  preliminary  statement,  in  that  positive  results, 
namely,  stoppage  and  slowing  of  the  auricles,  were  obtained  in  but  80  per 
cent,  to  90  per  cent,  of  the  experiments.  Nothwithstanding  these  negative 
results  they  still  are  of  the  opinion  that  their  experiments  prove  the 
sinus  node  to  be  the  pace-maker  of  the  heart.  In  view,  however,  of  the 
fact  that  exactly  the  same  results  are  obtained  and  just  as  frequently 
when  a  square  of  tissue  below  the  sinus  node  is  excised  as  when  a  square 
of  tissue  containing  the  sinus  node  is  excised,  experiments  of  this  kind 
cannot  be  said  to  prove  the  specificity  of  the  sinus  node  in  the  matter  of 
impulse  initiation. 

EVIDENCE  FROM  WARMING  AND  COOLING 

Another  method  that  has  been  used  for  the  purpose  of  locating  the  ■ 
pace-maker  of  the  heart  has  been  to  determine  the  area,  warming  or 
cooling  of  which  will  alter  the  rate  of  the  whole  normally  beating  heart. 
This  method  was  first  employed  in  the  study  of  the  mammalian  heart 
by  McWilliam"  in  1888.  McWilliam.  states  that  "the  application  of 
slight  heat  locally  to  the  terminal  part  of  the  vena  cava  superior  gives  a 
very  marked  acceleration  in  the  rhythm  of  the  whole  heart.  A  similar 
slight  local  heating  of  the  ventricular  apex  or  any  part  of  the  ventricular 
substance  gives  no  change  in  cardiac  rate."  No  further  details  are  given, 
so  that  the  reader  is  left  to  infer  whether  or  not  McWilliam  tested  the 
effect  of  temperature  on  other  parts  of  the  auricles  than  the  superior 
vena  cava.  However  this  may  be,  McWilliam's  final  conclusion  is  that 
in  the  cat  and  the  dog  the  usual  origin  of  contraction  is  in  the  venous 
wall.  In  1905,  Adam,-^  working  in  Langendorff's  laboratory,  reinvesti- 
gated this  subject  and  found  that  localized  moderate  warming  and  cool- 
ing altered  the  heart  rate  only  in  an  area  lying  between  the  mouths  of 
the  two  cavae  and  extending  in  the  form  of  a  triangle  to  the  base  of  the 
auricle.  The  most  sensitive  spot  lay  between  the  two  veins,  somewhat 
nearer  to  the  lower.  Xow,  after  the  discovery  of  the  sinus  node,  the 
same  method  in  the  hands  of  Ganter  and  Zahn^°  reveals  that  the  nodal 
region,  as  delimited  by  Koch,  alone  is  sensitive  to  temperature  changes, 
the  region  overlying  the  thickest  part  of  the  node  being  the  most  sensi- 
tive spot.  Brandenburg  and  Hoffmann^"  have  obtained  practically  the 
same  results.  Ganter  and  Zahn  and  Brandenburg  and  Hoffmann,  of 
course,  conclude  that  the  node  is  the  normal  pace-maker.  The  former 
investigators  suggest  a  curious  hypothesis  to  account  for  their  observa- 
tion that  one  part  of  the  node  may  be  more  sensitive  than  others.    It  is 
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obvious,  therefore,  that  the  method  of  warming  and  cooling  also  gives 
results  that  seem  inconstant.  By  it  the  rate  of  the  heart  may  be  affected 
over  the  terminal  portion  of  the  superior  cava,  over  the  node  and  near 
the  inferior  cava.  The  results  are,  however,  consistent  in  this  respect, 
namely,  that  they  have  been  obtained  only  within  the  limits  of  the  sinus 
reuniens.  Those  who  have  employed  the  temperature  method  have  over- 
looked one  consideration  which  may  prove  to  be  of  considerable  impor- 
tance, namely,  the  accessibility  of  the  region  of  the  sinus  reuniens  to 
the  thermods  employed.  Both  His  and  Keith  and  Flack'^  explicitly  state, 
it  will  be  recalled,  that  in  the  mammalian  heart  nearly  all  of  the  sinus 
recedes  from  the  surface  of  the  heart.  To  say  the  least,  it  is  a  rather 
remarkable  coincidence  that  in  the  hands  of  recent  investigators  only 
the  two  regions  that  presumably  remain  at  the  surface  of  the  auricles 
are  affected  by  moderate  temperature  changes. 

EVIDENCE   FROM    ELEGTEOCARDIOGRAPHIC    STUDIES 

Lewis^^  has  recently  shown  that  the  action  current  of  beats  of  the 
auricles  of  the  dog's  heart  determined  by  electrical  stimulation  of  various 
points  on  the  surface  of  the  auricles  resembles  in  form  the  normal  action 
current  only  when  the  point  stimulated  is  in  the  vicinity  of  the  sinus 
node.  This  observation  is  considered  as  almost  final  proof  that  the 
impulse  normally  starts  from  the  sinus  node.  The  interpretation  of 
Lewis'  results,  however,  is  not  as  simple  as  it  may  seem.  It  is  necessary 
to  bear  in  mind,  for  instance,  that  possibly  this  is  one  of  the  regions 
where  primitive  sinus  tissue  appears  on  the  surface  of  the  auricles.  Is 
it  not  also  possible  that  the  impulse  is  so  conducted  through  the  auricle, 
owing  either  to  the  existence  of  definite  paths,  or  to  the  thickness  of  the 
tissue,  which  in  the  region  of  the  sinus  node  is  comparatively  great,  that 
the  sinus  node  region  becomes  negative  electrically  before  other  parts 
of  the  auricles?  But  there  is  still  another  possibility  which  an  analysis 
of  Lewis'  results  seems  almost  to  substantiate. 

The  discussion  of  this  possibility  is  begun  with  the  assumption  that 
the  impulse  which  causes  the  heart  to  beat  starts  in  the  sinus  venosus 
and  crosses  the  sinoauricular  Junction  into  the  auricles  at  the  most 
accessible  point.  Reference  to  the  diagram  (Fig.  2)  shows  that  this 
point  is  just  about  where  the  sinus  node  lies.  Now  the  amplitude  of 
electrical  changes  associated  with  activity  is  largely  dependent  on  the 
mass  of  tissue  reacting.  The  sinus  venosus  in  the  cold-blooded  heart  is 
relatively  large,  yet  even  when  the  electrodes  are  placed  directly  on  it 
the  deflection  shown  by  the  string  galvanometer  is  relatively  small, 
Samoiloff,^^  for  instance,  does  not  seem  to  picture  a  sinus  action  current 

31.  Lewis:    Heart,   1910-11,   ii,  23. 

32.  Samoiloff :  Pfluger's  Arch.  f.  d.  ges.  Physiol.,  1910,  cxxxv,  417. 
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in  his  extensive  study  of  the  frog's  heart.  The  sinus  of  the  mammalian 
heart  probably  contains  much  less  tissue  relatively  than  that  of  the  cold; 
blooded  heart.  The  action  current  of  the  former  should  consequently  be 
correspondingly  smaller.  It  is,  therefore,  not  surprising  that  as  yet  no 
one  has  obtained  a  wave  on  the  electrocardiogram  of  warm-blooded 
animals  assignable  to  activity  of  the  sinus. 

Bearing  in  mind  these  assumptions  an  analysis  of  Lewis'  results 
reveals  the  following:  In  all  cases  in  which  the  contraction  was  evoked 
by  a  stimulus  placed  immediately  over  the  sinoauricular  junction  (sinus 
node)  or  anywhere  on  the  superior  vena  cava  side  of  it,  the  P  wave 
obtained,  that  is,  the  wave  of  auricular  activity,  closely  approximates  the 
P  wave  of  the  normal  heart  beat.  In  other  words  the  curve  is  normal 
when  it  is  started  at  the  place  where  the  impulse  normally  enters  the 
auricle,  or  at  some  point  on  the  sinus  above  this  place.  It  is  abnormal 
when  it  is  started  on  the  auricle  or  possibly  on  the  sinus  below  the  point 
at  which  it  normally  enters  the  heart.  Lewis'  experiments  indicate, 
therefore,  that  the  impulses  pass  into  the  auricle  by  way  of  the  sino- 
auricular Junction;  they  do  not  force  us  to  the  conclusion  that  the  sinus 
node  is  the  pace-maker. 

The  foregoing  discussion  also  might  serve  to  account  for  the  observa- 
tion of  Lewis,  Oppenheimer  and  Oppenheimer^^  and  of  Wybauw,^*  that 
as  a  rule  the  point  on  the  auricle  first  to  become  electronegative  lies 
approximately  over  the  region  of  the  sinus  node.  For  if  the  tissue  of  the 
sinus  is  small  in  amount,  and  for  the  most  part  submerged  in  the  sur- 
rounding tissue,  the  point  first  to  become  negative  would  be  the  place 
where  the  impulse  passes  from  the  sinus  into  the  auricle.  It  should  also 
be  mentioned  that  the  points  of  primary  negativity,  as  determined  in 
these  two  investigations,  do  not  exactly  coincide.  Furthermore,  both 
record  exceptions  to  the  rule.  These  exceptions  the  authors  consider  of  no 
significance.  Yet  to  us  it  is  obvious  that  if  the  sinus  node  has  the  specific 
function  of  starting  the  beat  of  the  heart  it  should  be  possible  to  show 
that  under  normal  circumstances  it  invariably  performs  this  function. 
This  the  electrocardiographic  studies  have  failed  to  demonstrate. 

SIGNIFICANCE   OF    NODAL    RHYTHM 

We  have  thus  far  purposely  omitted  the  discussion  of  a  result  very 
commonly  obtained  in  experiments  on  the  sinus  region  of  the  auricles, 
namely,  a  change  in  the  sequence  of  the  auricular  and  ventricular  beats. 
This  change  consists  in  a  shortening  of  the  auriculoventricular  interval, 
or,  more  usually,  in  the  actual  disappearance  of  this  interval,  the  auricles 
and  ventricles  contracting  at  almost  exactly  the  same  moment.     The 


33.  Lewis,  Oppenheimer  and  Oppenheimer:  Heart,  1910-11,  ii,  147. 

34.  Wybauw:   Arch,  internat.  de  physiol.,   1910,  x,  78. 
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term  nodal  rhythm  has  been  applied  to  this  type  of  beat.  It  may  appear 
suddenly  or,  occasionally,  gradually  after  operations  on  the  sinus  region 
of  the  heart.  It  is  assumed  by  those  who  consider  the  nodes  of  Keith 
and  Flack  and  of  Tawara  the  most  highly  rhythmical  regions  of  the 
heart,  that  the  synchronous  a-v  beat  is  the  result  of  the  usurpation  by 
the  auricular  node  of  the  function  of  setting  the  pace  of  the  heart  when 
the  more  highly  rhythmical  sinus  node  is  excised.  Inasmuch  as  the 
tissue  of  the  auricular  node  resembles  somewhat  that  of  the  sinus  node, 
this  change  in  the  character  of  the  beat  is  considered  clear  proof  of  the 
specialization  of  the  so-called  nodal  tissue  in  the  direction  of  rhythmicity. 
The  argument  leading  to  this  conclusion,  it  will  be  seen,  is  based  on  two 
propositions,  namely,  first,  that  the  removal  of  the  sinus  node  always 
results  in  the  transfer  of  impulse  initiation  to  the  auricular  node,  and, 
second,  that  during  the  so-called  nodal  rhythm  the  impulse  starts  in  the 
auricular  node.  Neither  of  these  propositions  has  as  yet  been  proved. 
The  first  proposition  is  by  no  means  a  fact. 

It  is  true  that  extensive  removal  of  auricular  tissue,  such,  for  example, 
as  the  liberal  excision  of  much  of  the  tissue  in  the  sinus  region  in  the 
perfused  heart^^  very  frequently  is  followed  by  synchronous  contractions 
of  the  auricles  and  ventricles.  But  simple  excision  of  the  sinus  node 
alone  rarely  results  in  the  appearance  of  nodal  rhythm,  and  even  when 
it  does  occur  it  may  be  only  transitory,  the  normal  or  almost  normal 
sequence  often  returning  after  a  longer  or  shorter  period  of  nodal 
rhythm.  Nodal  rhythm  was  but  rarely  seen  in  the  experiments  of  Jaeger, 
Flack,  Magnus- Alsleben,  Cohn  and  Kessel,  Moorhouse,  etc.  On  the  other 
hand,  it  is  claimed  that  the  abolition  of  the  functional  activity  of  the 
region  of  the  sinus  node  by  means  of  cold  almost  invariably  produces 
nodal  rhytm.  One  cannot  help  but  feel,  however,  that  the  temperature 
effects  were  not  as  nicely  localized  as  it  is  believed  they  were.  Be  that 
as  it  may,  a  perusal  of  the  reports  of  these  experiments  shows  clearly 
that  removal  of  the  sinus  node  by  cold  does  not  always  result  in  nodal 
rhythm.  Thus  Ganter  and  Zahn^°  state  that  "after  stopping  the  activity 
of  the  sinus  node  by  means  of  cold  the  auricles  and  ventricles  do  not 
always  beat  exactly  synchronously.  The  as-vs  interval  may  have  a  posi- 
tive or  negative  value."  Wliile  Brandenburg  and  Hoffmann^^  state  that 
occasionally  after  removing  the  sinus  node  by  cold  or  by  excision  the 
synchronous  beats  of  the  auricles  and  ventricles  may  be  transitory,  and 
that  the  original  normal  sequence  may  again  return. 

But  even  if  it  be  admitted  for  the  purpose  of  argument  that  the 
auricular  node  is  determining  the  beat  of  the  chambers  while  they  are 
beating  synchronously,  it  would  by  no  means  follow  that  the  auricular 
node  normally  is  more  rhythmical  than  all  the  rest  of  the  super- 
ventricular  parts  with  the  exception  of  the  sinus  node.    Might  not  the 
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nodal  rhythm  be  due  to  a  temporary  loss  of  the  reactivity  of  the  whole 
of  the  auricles,  temporary  inhibition,  if  that  term  is  preferred,  resulting 
from  the  tampering  with  the  auricles,  and  that  until  the  auricles  recover, 
the  auricular  node,  or,  better,  the  next  lower  heart  segment,  determines 
the  heart  beat.  It  may  be  added  that  with  the  return  of  the  normal 
sequence  it  can  be  shown  that  the  auricles  are  setting  the  pace,  since 
further  operations  on  the  auricles,  such  as  cutting^-  or  cooling  the  region 
of  the  coronary  sinus^^  many  again  change  the  sequence.  It  is  not  entirely 
irrelevant  to  add,  in  this  connection,  that  auricular  strips  containing  the 
auricular  node  are  not  nearly  so  rhythmical  as  strips  made  from  other 
parts  of  the  auricle  not  alone  while  the  sequence  is  normal,  but  even 
when,  as  a  resuJt  of  the  excision  of  the  great  veins,  the  chambers  are 
beating  synchronously.  Thus  a  companion  strip  from  the  coronary 
sinus  region  made  at  such  a  time  always  beats  faster  than  the  strip 
containing  the  auricular  node. 

Neither  has  it  been  proved  that  during  so-called  nodal  rhythm  the 
auricular  node  invariably  is  setting  the  pace  of  the  heart.  Indeed,  almost 
the  only  observation  in  favor  of  this  view  is  the  fact  that  the  chambers 
beat  approximately  simultaneously,'*'  whereas  there  is  just  as  good  evi- 
dence to  show  that  at  such  times  the  sinus  may  still  be  setting  the  pace 
of  the  whole  heart.  It  has  just  been  mentioned  that  extensive  excision 
of  the  region  of  the  great  veins  in  the  perfused  rabbit's  heart  often 
results  in  so-called  nodal  rhythm.  In  ten  consecutive  experiments  in 
which  this  occurred  the  auriculoventricular  bundle  was  cut  with  a  pair 
of  scissors.  The  scissors  were  inserted  through  the  opening  made  by  the 
excision  of  the  veins,  one  blade  on  either  side  of  the  exposed  auricular 
septum  down  into  the  ventricles.  A  cut  thus  made  in  a  heart  as  small  as 
the  rabbit's  must  undoubtedly  have  injured  the  node  of  Tawara.  Yet 
this  cut  never  slowed  the  auricles,  indeed  it  usually  left  their  rate  entirely 
unchanged;  the  ventricles  on  the  other  hand  showed  the  slowing  that 
usually  follows  section  of  the  bundle  of  His.  Be  this  as  it  may,  there  is 
no  necessity  for  limiting  explanations  of  the  so-called  nodal  rhythm  to 
the  view  that  it  can  be  produced  only  by  impulses  arising  in  the  auricular 
node.  Indeed,  inspection  of  the  progress  of  the  contraction  wave  in 
cooled  hearts  at  a  time  when  as  a  result  of  liberal  excision  of  the  great 
veins  the  auricles  and  ventricles  are  beating  synchronously,  has  frequently 
revealed  another  cause.  It  can  be  seen  in  such  experiments  that  the 
contraction  wave  may  start  in  the  region  of  the  coronary  sinus,  and  travel 
so  slowly  through  the  neighboring  tissues  of  the  auricles  that  the  distant 
auricular  appendices  contract  quite  as  late  as  the  ventricles.     Reference 


35.  Zahn:    Zentralbl.  f.  Physiol.,   1912,  xxvi,  495. 

36.  Brandenburg  and  Hoffmann  and  Ganter  and  Zahn  state  that  cooking  or 
warming  the  auricular  node  after  excision  of  the  sinus  node  changes  the  rate 
of  the  beat. 


JOSEPH     ERLANGER  353 

to  Figure  2  indicates  clearly  how  a  cut  of  this  kind  by  forcing  the  impulse 
to  travel  for  a  long  distance  through  the  auricular  canal  before  it  can 
gam  access  to  the  auricles  might  lengthen  the  sinoauricular  pause  and  so 
cause  it  to  approximate  the  auriculoventricular  pause. 

Another  question  suggests  itself  here,  namely,  if  it  is  admitted  that 
the  only  two  parts  of  the  auricles  that  have  suflficiently  high  rates  of 
rhythm  to  dominate  the  rhythm  of  the  auricles  are  the  sinus  node  and 
the  auricular  node,  how  is  the  fact  to  be  explained  that  the  change  from 
the  auricular  type  of  beat  to  the  auriculoventricular  type  frequently  is 
gradual,  the  auriculoventricular  pause  shortening  slowly  until  the  two 
chambers  finally  beat  together? 

STOPPAGE  FROM  INCISION  OP  THE  NODE 

Finally,  a  word  with  regard  to  the  significance  of  stoppage  of  the 
heart  from  incision  of  the  node.  In  1907,  Hering^^  stated  that  a  simple 
incision  in  the  sulcus  terminalis,  which  presumably  involved  the  sinus 
node,  stopped  completely  the  beat  of  the  supraventricular  parts.  This 
result  was  at  once  hailed  by  Keith  and  Flack  as  proof  of  their  suggestion 
that  the  sinus  node  is  the  pace-maker  of  the  heart.  In  the  same  year^^ 
attention  was  called  to  the  fact  that  stoppage  of  the  heart  often  follows 
operations  on  or  sometimes  even  a  mere  touch  anywhere  on  a  rather  large 
area  of  the  auricles,  and  the  view  was  then  expressed  that  stoppage  prob- 
ably occurs  only  when  the  part  stimulated  is  at  the  time  determining  the 
beat  of  the  heart.  Irrespective  of  what  may  be  the  fate  of  this  suggestion, 
it  is  interesting  to  note  that  recent  work^*  has  completely  failed  to  con- 
firm Hering.  Incision  of  the  node  in  the  perfused  heart  of  the  dog  does 
not  stop  the  heart,  to  the  contrary,  it  accelerates  the  heart  rate. 

II.   LOCALIZATION   OF   CONDUCTIVITY   IN    THE   HEART 
HISTOEICAL 

In  the  historical  introduction  to  the  first  part  of  this  paper  reference 
was  made  to  the  earliest  hypotheses  that  were  advanced  to  account  for 
the  sequence  of  the  auricles  and  ventricles.  We  will,  therefore,  confine 
our  attention  here  to  the  development  of  our  modern  ideas  with  regard 
to  the  dependence  of  the  ventricles  on  the  auricles.  It  has  been  said 
that  Kiirschner,  in  1850,  suggested  a  very  complex  explanation  of  the 
dependence  of  the  ventricles  on  the  auricles.  One  part  of  this  explanation 
is  of  more  than  passing  interest  with  reference  to  the  topic  in  hand.  "It 
is,'"  Kiirschner  says,  "now  generally  assumed  that  the  musculature  of 
the  auricles  is  completely  separated  from  that  of  the  ventricles.  From 
a  study  of  the  tissue  composing  the  valves,  I  encountered  conditions 


37.  Hering:  Pflliger's  Arch.  f.  d.  ges.  Physiol.,  1907,  cxvi,  143. 

38.  See,  for  instance,  Cohn,  Kessel  and  Mason,  etc. 
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which  are  opposed  to  this  view;  I  found  muscle  fibers  extending  from 
the  auricle  over  into  the  valves."  In  attempting  to  account  for  the 
sequence  of  the  heart  beat  he  then  proceeds  to  say : 

The  anatomical  conditions  of  the  heart  are  indeed  such  that  a  measurable 
interval  of  time  can  elapse  between  the  contraction  of  the  auricles  and  of  the 
ventricles.  The  muscle  fibers  which  pass  from  auricle  into  the  venous  valves  con- 
tain the  organic  basis  of  this  phenomenon.  .  .  .  They  cannot  contract  without 
supplying  a  stimulus  to  the  ventricles.  The  contraction  of  the  auricles  must, 
therefore,  determine  the  contraction  of  the  ventricles. 

Obviously,  Kitrschner  might  be  said  to  have  been  the  first  investigator 
to  have  shown  that  "the  musculature  of  the  auricles  is  not  completely 
separated  from  that  of  the  ventricles,"  There  are,  however,  two  all- 
important  differences  between  Kiirschner's  point  of  view  and  the  accepted 
point  of  view  of  to-day.  Although  the  valve  musculature  is  described  by 
Kiirschner  as  extending  over  the  auriculoventricular  junction,  it  is  not 
in  the  location  of  the  connecting  muscle  band,  as  we  now  know  it,  nor 
does  the  valve  musculature  fuse  with  the  musculature  of  the  ventricles. 

Over  a  quarter  of  a  century  later,  in  1876,  we  find  recorded  what 
has  developed  into  the  second  claim  to  the  demonstration  of  the  crossing 
of  the  musculature  of  the  auricles  into  the  ventricles.  In  that  year 
Paladino^^  wrote  as  follows: 

The  muscle  layer  of  the  sinus  or  auricle  where  it  reaches  the  level  of  the 
auriculoventricular  orifice  loses  the  external  circular  layer  of  fibers,  which  stop, 
and  is  continued  by  the  longitudinal  fibers  and  the  middle  circular  fibers  down- 
ward to  the  interior  of  the  valve  leafiets  ...  Of  these  fibers,  the  longitudinal 
terminate  in  the  tendons  of  the  second  and  third  order  .  .  .  And  some  tendons 
pass  directly  upon  the  walls  of  the  ventricles,  where  by  means  of  fiattened  muscle 
bundles,  which  are  inserted  upon  the  valve  leaflets,  they  break  up  into  small 
tendons. 

In  1910,  Paladino,  on  the  basis  of  passages  similar  to  the  one  quoted 
above,  pleads  to  have  his  name  connected  with  that  of  the  discoverer  of 
the  auriculoventricular  bundle,  as  having  demonstrated  a  muscular  con- 
nection between  the  auricles  and  ventricles.  As  a  matter  of  fact,  a  few 
authors  have  actually  heeded  this  plea.  It  is  obvious,  however,  that  the 
criticism  we  have  applied  to  Kiirschner's  work  applies  with  equal  force 
to  the  work  of  Paladino  f^'  ^'^  no  discrete  definitely  localized  bundle  is 
described,  but  rather  scattered  bundles  in  the  valves,  and  there  is  no 
fusion  of  muscle  bundles  with  the  musculature  of  the  ventricles. 

In  1892-3,  there  appeared  two  articles  by  Kent,^°  which  seem  to 
represent  the  first  of  the  recent  attempts  to  determine  whether  or  not  the 
musculature  of  the  auricles  and  of  the  ventricles  are  completely  separated 


39.  Paladino:   Arch.  ital.  d.  biol.,  1910,  liii,  47. 

40.  Kent:  Proc.  Physiol.  Soc.  Xov.  12,  1892,  and  Jour,  of  Physiol.,  1893,  xiv, 
233. 
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by  connective  tissue.  Owing  to  the  existence  of  some  difference  of  opin- 
ion as  to  the  exact  significance  of  Kent's  work  in  the  development  of  this 
subject,*^  his  results  will  be  given  as  nearly  as  possible  in  his  own  words. 
In  the  adult  animal  (rat)  a  ".  .  .  connecting  sheet  of  muscle  .  .  . 
is  met  with  over  a  considerable  area  of  the  a-v  groove;  thus  it  may  be 
mentioned  that  frequently  in  a  single  coronal  section  the  connection  may 
be  seen  between  the  outer  (left)  wall  of  the  left  ventricle  and  the  left 
auricle,  between  the  septum  ventriculorum  and  the  auricle,  and  between 
the  right  wall  of  the  right  ventricle  and  the  right  auricle."  Describing 
a  coronal  section  passing  through  the  junction  of  the  left  auricle  with 
the  left  ventricle  of  the  heart  of  the  newly-born  rat,  Kent  says : 

.  .  .  at  about  the  center  of  the  isthmus*^  the  auricular  fibers  are  seen  to 
sweep  freely  down  into  the  substance  of  the  ventricular  wall."  "In  the  young 
rabbit  of  two  days  old  .  .  .  auricular  fibers  are  seen  sweeping  down  to  the 
outer  side  of  the  fibrous  ring,  and  become  continuous  with  bundles  belonging  to 
the  ventricular  system.  The  connection  also  exists  on  the  right  side  of  the  hea-rt 
.  .  .  and  also  in  the  septum  to  the  right  side  of  the  ring  bearing  the  mitral 
valve."  In  the  monkey  "the  fibrous  ring  has  attained  a  very  perfect  development 
and  it  is  only  here  and  there  that  places  can  be  found  to  show  the  passage  of 
muscular  fibers  across  the  groove. 

ANATOMY  OF  THE  AUEICULOVENTEICULAR  BUNDLE 

In  1893,  His  called  attention  to  the  existence  in  the  heart  of  a  number 
of  mammals  of  a  single  muscle  bundle  located  in  the  posterior  part  of 
the  septum  and  extending  across  the  auriculoventricular  junction 
obliquely  from  above  and  behind,  downward  and  forward.  In  a  review 
written  in  1899,  His"  correctly  refers  to  the  bearing  of  Kent's  work  on 
his  in  the  following  terms: 

In  man,  indeed  in  mammals  in  general,  a  layer  of  connective  tissue  grows  in 
between  the  muscle  walls  of  the  ventricles  and  auricles  and  separates  these  parts 
almost  completely.  Nevertheless  muscle  fibers  have  been  found  in  this  layer 
(Stanley  Kent)  and  I  myself  have  demonstrated  a  bundle  present  in  mammals  as 
well  as  in  man,  which  passes  from  the  posterior  wall  of  the  right  auricle  down  to 
the  ventricular  septum. 

While  the  existence  of  this  single  bundle,  now  usually  and  correctly 
designated  the  bundle  of  His,"  has  since  been  abundantly  confirmed,  the 
more  recent  work  by  Humblet,  Eetzer,  Breaunig,  Tawara,  etc.,  has  added 
much  to  His'  original  description.  Much  more,  although  not  enough  yet, 
is  now  known  of  its  origin  in  the  auricles,  of  its  mode  of  determination 
in  the  ventricles  and  of  the  histolo.gy  of  its  various  parts.   '  Overlooking 

41.  Meltzer:  Med.  Rec,  New  York,  1909,  May  22,  p.  873;  also  Nov.  27,  p.  914. 

42.  It  should  be  noted  that  the  term  "isthmus"  as  used  here  could  not  and 
was  not  by  Kent  intended  to  be  synonymous  with  septum,  since  the  section  is 
from  the  junction  of  the  left  auricle  with  the  left  ventricle.  Compare  with 
Meltzer,  loc.  cit.,  note  41. 

43.  His:  Deutsch.  Arch.  f.  klin.  Med.,  1899,  Lxiv,  316. 
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for  the  present  certain  details  on  which  opinion  is  as  yet  divided,  the 
system  connecting  the  auricles  with  the  ventricles  may  be  described 
briefly  as  follows : 

It  begins  in  the  auricle  in  the  posterior  part  of  the  septum,  just  above 
the  auriculoventricular  junction,  and  just  anterior  to  and  in  the  floor 
of  the  coronary  sinus.  Some  authors  describe  a  very  close  connection 
between  the  node  and  the  auricular  tissue.  According  to  Cohn,**  for 
example,  it  would  seem  that  there  is  a  general  transition  of  auricular 
fibers  into  the  characteristic  nodal  fibers.  The  number  of  fibers  forming 
the  connection,  however,  varies.  "There  may  be  a  great  many,  closely 
packed  together,  the  strands  separated  by  masses  of  connective  tissue; 
or  there  may  be  but  a  few  rather  thinner  fibers  with  only  delicate  con- 
nective tissue  strands  between."  The  node  of  Tawara,  into  which  these 
strands  flow,  is  composed  of  characteristic  branching  and  anastomosing 
cells  which  possibly  were  seen  by  Kent.  Beyond  the  node  the  bundle,  now 
compact  and  slender  and  taking  on  the  characteristics  of  Purkinje  cells, 
crosses  the  auriculoventricular  junction  and,  continuing  its  course  down- 
ward and  forward,  comes  to  lie  on  the  upper  edge  of  the  muscular  septum 
of  the  ventricles  where  it  joins  with  the  membranous  part.  The  sub- 
sequent course  of  the  conducting  system  is  probably  familiar  to  all.  It 
can  be  best  and  indeed  strikingly  demonstrated  by  means  of  the  injection 
method  of  Lhamon.*'  Lhamon  has  shown  that  when  a  colored  injection 
fluid  is  forced  through  a  hypodermic  needle  into  the  conducting  system 
it  will,  owing  to  the  connective  tissue  sheath,  remain  in  that  system  and 
flow  even  into  its  ultimate  branches.  It  is  thus  possible  to  make  very 
evident  the  division  of  the  main  bundle  into  two  limbs,  a  right  and  a 
left,  the  subendocardial  course  of  these  limbs  down  the  respective  sides 
of  the  ventricular  septum,  their  branching  into  secondary  twigs,  some 
of  which  pass  by  way  of  the  false  tendons  cross  the  cavities  of  the  ven- 
tricles to  the  papillary  muscles,  and  their  further  branching  into  an 
anastomosing  network,  the  ultimate  fasciculi  of  which  dip  down  into  the 
myocardium,  and  gradually  change  into  fibers  of  the  ventricular  type, 
the  individual  fibers  eventually  terminating  in  a  most  interesting  way 
in  the  conical  point  of  a  fasciculus  of  heart  muscle. 

Comparative  anatomy  and  embryology,  too,  have  added  much  to  the 
significance  of  the  His-Tawara  system.  Keith  and  Flack,  in  1907, 
showed  that  in  the  simplest  form  of  vertebrate  heart  a  portion  of  the 
auricular  canal,  that  part  of  the  heart  which  in  primitive  forms  joins  the 
sinus  with  the  ventricle,  extends  down  into,  or  is  invaginated  into  the 
ventricles.  This  invaginated  part  forms  an  isolated  layer  beneath  the 
auriculoventricular  valves.     It  is  assumed  in  the  primitive  mammalian 


44.  Cohn:  Heart,  1909-10,  i,  172. 

45.  Lhamon:   Am.  Jour.  Anat.,  1912,  xiii,  55. 
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heart  that  complete  muscular  connection  between  the  auricles  and  ven- 
tricles exists  around  the  whole  auriculoventricular  junction.  As  we 
ascend  the  animal  scale,  however,  the  invaginated  portion  of  the  auricular 
canal  is  encroached  on  more  and  more  by  the  growth  of  connective  tissue, 
until  there  is  left  only  a  small  part  of  this  musculature;  it  fornjs  the 
auriculoventricular  bundle.  However,  in  certain  animals,  the  rat,  for 
example,  auricular  and  ventricular  fibers  appear  to  come  into  close 
apposition  in  other  places,  especially  in  the  right  lateral  auriculo- 
ventricular region.  This,  Keith  and  Flack  venture  to  suggest,  represents 
"one  of  the  connections  described  by  Stanley  Kent.  This  close  apposi- 
tion, however,  cannot  be  looked  on  as  a  connection;  the  auriculoven- 
tricular bundle  is  to  be  regarded  as  the  sole  connection  between  the 
auricular  canal  and  the  ventricle." 

Mali*®  has  studied  the  development  of  the  auriculoventricular  bundle 
in  human  embryos.  At  very  early  stages  (embryo  3.9  mm.)  the  auricular 
canal  forms  a  complete  muscular  connection  between  the  sinus  and  the 
ventricle.  Soon,  however,  as  the  result  of  the  formation  of  subendo- 
cardial cushions  of  connective  tissue,  this  ring  becomes  separated  into 
a  number  of  bundles,  amongst  which  can  be  recognized  at  this  time  one 
occupying  the  same  position  and  course  as  the  auriculoventricular  bundle 
in  the  adult.  "The  additional  strips,"  Mall  says,  "may  be  of  significance 
in  view  of  Eomberg's  and  Kent's  observation."  Kent  found  such  bundles 
in  the  left  wall  of  the  heart  as  well  as  in  the  right  wall  in  rats  and 
rabbits.  It  is  possible  that  some  of  these  strips  may  be  constant,  or  they 
may  be  variations.  "At  any  rate,"  he  goes  on  to  say,  "their  presence  has 
not  been  establshed  as  has  the  atrioventricular  bundle  of  His."  The 
auriculoventricular  bundle,  consequently,  is  not  a  structure  of  recent 
development;  rather,  it  is  a  part  of  the  wall  of  the  primitive  tube  from 
which  the  heart  is  evolved.  This  fact,  as  has  been  said,  should  have  some 
weight  in  inferring  the  function  of  the  bundle  from  its  structure ;  despite 
the  great  changes  in,  and  the  apparent  complication  of,  the  adult  mam- 
malian heart,  it  still  preserves  its  primitive  arrangement. 

PHYSIOLOGY    OF    THE    AUKICULOVENTRICULAE    BUNDLE 

Considering  now  the  physiological  aspects  of  the  problem  of  localizing 
conduction  from  auricles  to  ventricles  in  the  warm-blooded  heart,  the 
view  which  held  sway  previous  to  1893  practically  universally  was  that 
the  correlation  of  the  work  of  the  auricles  and  ventricles  was  affected 
through  nerves  crossing  the  auriculoventricular  junction.  An  excellent 
idea  of  the  point  of  view  held  by  the  physiologists  of  this  period  may  be 
conveyed  by  a  quotation  from  an  article  by  Tigerstedt*^  in  which  are 


46.  Mall:   Am.  Jour.  Anat.,  1912,  xiii,  284. 

47.  Tigerstedt:  Arch.  f.  Physiol.,  1884,  p.  497. 


358  TEE    ARCHIVES     OF    INTERNAL     MEDICINE 

recorded  the  results  of  severing  completely  by  means  of  a  cut  the  con- 
nection of  the  auricles  with  the  ventricles  in  the  rabbit's  heart.  In  order 
to  make  this  quotation  clear,  it  should  be  preceded  by  the  statement 
that  in  the  previous  year  Wooldridge*^  had  accomplished  the  same  sepa- 
ration by  means  of  a  mass  ligature,  with  the  result  that  the  auricles  and 
ventricles  contracted  independently  of  each  other.    Tigerstedt  says : 

Wooldridge  in  dogs  and  cats  performed  the  experiment  of  severing  the  nervous 
connection  [italics  ours]  between  the  auricles  and  ventricles,  that  is  to  say  he 
made  the  Stannius  experiment  on  the  warm-blooded  heart. 

And  again,  by  way  of  introduction  to  his  experiments  Tigerstedt  says:  The 
interesting  results  obtained  by  Wooldridge  by  means  of  his  ligature  made  it 
necessary  to  repeat  with  more  rigorous  methods  the  separation  of  the  nervous 
connections  [italics  ours]  between  the  ventricles  and  auricles  because  it  might 
be  objected  that  the  ligature  failed  to  divide  all  of  the  nerve  fibers  between  the 
auricles  and  ventricles     .     .     . 

This  assumption  seemed  justifiable  in  view  of  the  prevailing  opinion 
that  there  was  no  muscular  connection  between  the  auricles  and 
ventricles. 

In  the  same  paper  in  which  Kent  described  muscular  connections  in 
various  parts  of  the  auriculoventricular  junction,  mention  is  made  of 
some  experiments  in  which  a  clamp  was  applied  to  the  auriculoventricular 
groove  of  the  mammalian  heart  just  as  Gaskell  had  done  in  the  frog's 
heart.  Kent  states  without  giving  the  records  "that  almost  precisely 
similar  results  [to  those  of  Gaskell]  were  obtained."  It  may,  therefore, 
be  assumed  that  he  obtained  with  this  clamp  the  various  stages  of  partial 
and  complete  block.  The  experiments  of  Wooldridge,  Tigerstedt  and 
Kent,  therefore,  demonstrate  conclusively  that  in  the  mammalian  heart 
the  impulse  which  causes  the  ventricles  to  beat  arises  in  the  auricles  and 
crosses  the  auriculoventricular  junction;  the  old  view  that  the  sequence 
is  due  to  stimulation  by  the  blood  is  disproved.  Shortly  after  His*'' 
described  the  muscular  bundle  that  bears  his  name,  he  read  before  the 
Physiological  Congress  a  paper  describing  the  results  of  cutting  this 
bundle.  No  final  report  of  these  experiments  has  ever  appeared,  and  it 
was  not  until  the  bundle  of  His  was  redescribed  in  1904  by  Eetzer,  by 
Breaunig  and  by  Humblet  that  the  attention  of  physiologists  was 
attracted  to  this  structure.  Then  Humblet^"  showed,  as  had  been  shown 
by  His,  that  section  of  practically  nothing  but  the  bundle  in  the  perfused 
heart  results  in  complete  dissociation  of  the  auricles  and  ventricles.  A 
year  later  the  same  observation  was  made  by  Hering,^^  also  in  the  per- 
fused heart.  Simultaneously  the  results  were  published  of  compressing 
in  a  specially  devised  clamp  practically  nothing  but  the  His  bundle  in 


48.  Wooldridge:    Arch.  f.  Physiol.,   1883,  p.  522. 

49.  His:   Zentralbl.  f.  Physiol.,  1895,  ix,  469. 

50.  Humblet:   Arch,  internat.  d.  phj'siol.,  1904,  c,  278. 

51.  Hering:   PflUger's  Arch.  f.  d.  ges.  Physiol.,  1905,  cvii,  97, 
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the  heart  in  situ.^^  The  results  thus  obtained  were  similar  to  those  fol- 
lowing compression  in  a  clamp  of  all  of  the  auriculoventricular  junction 
in  both  cold  and  warm-blooded  animals.  These  results  have  since  been 
abundantly  confirmed.  Practically  the  only  conflicting  evidence  comes 
from  the  Bern  laboratory.  Lomakina^^  says  that  dissociation  of  the 
auricles  and  ventricles  can  be  obtained  by  dividing  the  superficial  macro- 
scopic nerves  in  the  auriculoventricular  groove.  This  result  has  not 
been  confirmed.  PaukuP*  and  Kronecker^^  state  that  crushing  the  auric* 
uloventricular  bundle  in  rabbits  does  not  block  the  passage  of  the 
impulse  into  the  ventricles.  Cohn  and  Trendelenburg^^  have  offered  what 
seems  to  be  a  plausible  explanation  of  this  anomalous  result.  They  have 
foimd  that  in  the  rabbit  the  bundle  may  not  pass  into  the  ventricle  as  a 
single  strand,  but  may  divide  into  several  strands  which  spread  out  after 
the  fashion  of  a  fan.  They  suggest  that  some  of  these  branches  probably 
escaped  inclusion  in  the  ligature  as  placed  by  Paukul  and  Kronecker. 
We  are,  therefore,  justified  in  asserting  that  experiments  of  the  kind  thus 
far  described  prove  that  the  only  functional  connection  between  the 
auricles  and  ventricles  is  by  way  of  the  His  bundle. 

It  is  not,  however,  unreasonable  to  maintain  that  other  connections 
exist,  such,  for  example,  as  were  described  by  Kent,  that  under  ordinary 
circumstances  such  other  connections  are  dormant,  and  that  in  the 
course  of  the  few  hours  the  heart  is  under  observation  in  experiments  as 
ordinarily  performed  these  connections  cannot  develop  their  activity 
sufficiently  to  perform  vicariously  the  function  of  the  His  bundle.  This 
objection  seems  to  be  met  by  those  instances  of  chronic  heart-block  in 
man,  in  which  a  lesion,  more  or  less  accurately  limited  to  the  region  of 
the  auriculoventricular  bundle,  undoubtedly  has  served  to  block  per- 
manently the  passage  of  the  excitation  wave  through  the  auriculoven- 
tricular junction.  ISTevertheless,  clinical  observations,  even  when  con- 
firmed by  post-mortem  findings,  do  not  carry  the  conviction  of  a  clean-cut 
experiment;  there  is  always  the  possibility  that  tissues  other  than  those 
found  to  be  diseased  may  be  the  seat  of  pathological  processes,  which, 
however,  have  escaped  detection.  This  objection  has  been  removed  by 
some  experiments  in  which  heart-block  was  produced  by  crushing  under 
aseptic  precautions  the  auriculoventricular  bundle  in  the  clamp  above 
alluded  to  and  then  allowing  the  animals  (dogs)  to  live.^^  Two  of  these 
animals  survived  the  operation  320  and  343  days,  respectively.  During 
this  entire  period  there  was  complete  dissociation  of  the  auricles  and 
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ventricles.  We  may  conclude,  therefore,  that  there  is  no  connection 
between  the  auricles  and  ventricles  that  can  vicariously  assume  the  func- 
tions of  the  bundle  of  His.  Thus  the  path  of  conduction  across  the 
auriculoventricular  groove  is  narrowed  down  to  the  auriculoventricular 
bundle. 

Now  that  we  know  that  the  auriculoventricular  bundle  is  as  much  a 
part  of  the  primitive  heart  tube  as  any  other  part  of  the  heart,  we  could 
scarcely  expect  conduction  in  it  to  differ  from  conduction  in  the  rest  of 
the  heart,  the  presence  in  the  bundle  of  a  considerable  amount  of  nerve 
tissue  to  the  contrary  notwithstanding.^^  Nevertheless,  the  question  has 
been  asked.  Is  it  possible  to  carry  further  the  localization  of  impulse 
conduction  in  this  region  by  determining  whether  it  is  through  muscle 
or  through  nerve?  The  results  of  experimentation  in  this  direction, 
though  suggestive,  are  still  far  from  being  conclusive.  The  fact  that  in 
animals  regeneration  of  function  does  not  occur  even  in  the  course  of  a 
year  after  complete  section  of  the  auriculoventricular  bundle,  would 
seem  to  indicate  that  nerves  are  not  concerned  with  the  process  of  impulse 
conduction.  This  conclusion  is  based  on  the  usually  accepted  view  with 
regard  to  the  power  of  regeneration  of  heart  muscle  and  of  nerve. 
Wounds  of  heart  muscle  heal  by  the  formation  of  scar  tissue ;  the  muscle 
cells  show  little,  if  any,  tendency  to  regenerated^  On  the  other  hand,  it 
is  well  known  that  in  due  time  nerves  will  regenerate.  This  is  true  not 
alone  of  nerve  trunks,  but  also  of  nerve  plexuses,  such,  for  example,  as 
the  mesenteric  plexus.^" 

When  our  attention  was  first  directed  to  this  subject  a  perusal  of  the 
literature  revealed  that  regeneration  of  nerve  and  of  muscle,  in  so  far 
as  it  pertains  to  the  heart,  had  been  studied  by  histological  methods  onl^\ 
So  far  as  could  be  ascertained,  no  effort  had  been  made  to  determine 
whether  restoration  of  conductivity  across  a  healed  wound  of  the  heart 
will  occur.  Consequently  the  attempt  was  made  to  determine  whether  a 
functional  connection  between  the  auricles  and  ventricles  could  be 
established  by  uniting  contiguous  surfaces  of  the  auricles  and  ventricles, 
which  have  been  denuded  of  their  epicardial  covering.  This  attempt 
failed.  It  was  not,  however,  considered  conclusive  because  of  the  great 
difficulty  of  obtaining  close  apposition  of  thin-walled  auricle  to  ventricle. 
For  the  purpose  of  putting  this  question  of  regeneration  to  a  crucial  test, 
the  following  experiment  was  then  made  i*"^ 

Under  aseptic  precautions  the  tip  of  the  auricular  appendix  of  the  dog's  heart 
was  crushed  in  a  clamp  po  as  to  sever  it  functionally  from  the  auricle  proper 
excepting  a  narrow  strip  along  one  edge.  The  tip  was  not  completely  isolated, 
since  it  was  feared  that  then  atrophy  of  the  functionless  part  would  occur  and 
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would  interfere  with  the  interpretation  of  the  results.  The  animal  was  then 
allowed  to  live  some  130  days.  Then  the  tissue  of  the  auricle  was  crushed 
in  a  line  extending  out  to  the  tip  of  the  auricle  and  intersecting  at  right  angles 
the  old  line  of  crush.  By  this  procedure  the  appendix  is  divided  into  two  triangu- 
lar areas,  one  separated  from  the  heart  by  the  old  and  new  lines  of  crush,  the 
other  still  functionally  connected  with  the  heart  through  the  undestroyed  isthmus 
at  the  edge  of  the  auricle.  By  using  the  second  area  as  a  control,  it  was  then 
found  that  functional  connection  between  the  first  area  and  the  heart  had  not 
developed.  Histological  examination  revealed  that  heart  muscle  had  not  grown 
across  the  old  contusion,  whereas  nerve  could  be  traced  from  one  side  to  the  other. 
The  presence  of  this  nervous  union  obviously  did  not  suflBce  for  the  conduction  of 
the  impulse. 

Such  a  result  makes  it  very  probable,  although  it  does  not  prove,  that 
the  muscular  rather  than  the  nervous  elements  of  the  His  bundle  carry 
the  impulse  from  the  auricles  to  the  ventricles.  In  support  of  this 
conclusion  it  might  be  added  that  Cullis  and  Dixon^^  have  shown  that 
the  application  of  a  5  per  cent,  solution  of  cocain  to  the  bundle  of  His 
does  not  produce  heart-block,  although  all  of  the  nerve  fibers  with  which 
the  cocain  comes  into  contact  would  certainly  be  paralyzed. 

We  have  yet  to  consider  conduction  within  the  ventricles.  Is  the 
impulse  delivered  by  the  His  bundle  to  the  ventricular  musculature  at 
or  near  the  point  where  it  crosses  the  auriculo ventricular  junction,  or 
must  it  first  traverse  the  entire  complicated  system  described  by  Tawara, 
DeWitt,  Lhaman  and  others? 

These  questions  were  first  formulated  only  a  few  years  ago  and  are 
still  the  subject  of  discussion.  The  experiments  devised  to  answer  them 
are  as  yet  but  little  beyond  the  formative  stage.  Considering  first  the 
results  of  cutting  both  of  the  main  divisions  of  the  bundle  of  His,  the 
general  statement  may  be  made  that  the  mass  of  evidence  points  to  a 
union  of  the  bundle  fibers  with  the  ventricular  musculature  below  the 
bifurcation.  Thus  Barker  and  Hirschfelder*^^  have  shown  in  the  dog 
that  cutting  the  left  branch  usually  gives  complete  block.  In  the  one 
case  in  this  series  of  experiments  in  which  block  did  not  appear,  both  the 
ventricles  seemed  to  contract  coordinately.  Eppinger  and  Eothberger^* 
state  that  cutting  one  limb  produces  an  obvious  effect  at  once;  the  two 
ventricles  seem  to  alternate.  Complete  block,  however,  did  not  follow 
section  of  one  limb,  but  only  section  of  both.  The  difference  in  the 
results  of  these  two  investigations  is  probably  merely  one  of  degree.  The 
experiments  of  Biggs,  though,  are  not  in  harmony  with  either  of  the 
foregoing  researches.  Biggs''^  finds  that  in  the  rabbit,  section  of  all 
branches  of  the  bundle  of  His  does  not  cause  heart  block,  and  he  further-* 
more  finds,  as  do  also  Cullis  and  Dixon,  working  with  the  same  animal, 
that  retrograde  conduction  may  sometimes  occur  after  section  of  the 


62.  Cullis  and  Dixon:  Jour.  Physiol.,  1911,  xlii,  156. 

63.  Barker  and  Hirschfelder :   The  Archives  Int.  Med.,  1909,  iv,  192. 

64.  Eppinger  and  Rothberger:  Centralbl.  f.  Physiol.,  1911,  xxiv,  1055. 

65.  Biggs:   Brit.  Med.  Jour.,  1908,  i,  1419. 
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bundle.  This  result  leads  one  to  suspect  either  that  these  investigators 
failed  to  cut  all  of  the  branches  of  the  bundle,  despite  the  fact  that  both 
seem  to  have  been  aware  of  the  variations  that  occur  in  the  bundle  of 
the  rabbit's  heart,  or  that  the  auricles  were  stimulated  mechanically  by 
the  ventricles,  as  Cullis  and  Dixon  seem  inclined  to  believe.  So  far  as 
present  purposes  are  concerned  the  results,  however,  indicate  that  the 
termination  of  the  His  bundle  lies  some  distance  beyond  its  bifurcation. 

How  much  farther  on  its  course  into  the  ventricles  does  the  impulse 
remain  in  the  conducting  system?  Tawara  is  of  the  opinion  that  the 
impulse  is  carried  in  the  bundles  to  the  most  distant  parts  of  the  ven- 
tricles ;  indeed,  to  the  papillary  muscles  first.  The  moment  of  contraction 
of  the  papillary  muscle,  it  might  therefore  be  suspected,  should  serve  to 
throw  some  light  on  this  question.  Do  they  contract  before,  with  or  after 
the  body  of  the  ventricles?  Until  quite  recently  it  was  regarded  as 
probable  that  the  papillary  muscles  contract  synchronously  with  or  pos- 
sibly a  moment  later  than  the  body  of  the  ventricles,'"'  The  reinvestiga- 
tion of  this  subject  that  has  been  stimulated  by  the  suggestions  of  the 
anatomists  has  as  yet  led  only  to  conflicting  results,"'^  which  need  not  be 
reviewed  here. 

It  has  thus  far  been  assumed  that  the  secondary  branches  of  the  His- 
Tawara  system,  which,  as  has  been  said,  are  composed  of  Purkinje  tissue, 
carry  the  impulse  through  the  ventricles.  This  assumption  is  based  on 
anatomical  observations  and  on  the  observation,  to  which  reference  has 
just  been  made,  that  section  of  the  His  bundle,  or  of  its  two  main 
branches,  produces  heart  block.  In  view  of  the  possibility  of  misinter- 
preting the  results  so  obtained,  it  was  thought  that  it  would  be  inter- 
esting to  have  some  definite  information  with  regard  to  conduction  in 
the  ventricular  portion  in  the  His-Tawara  system.  The  first  attempts  in 
this  direction  seem  to  have  been  made  by  Hering.^®  He  cut  the  auriculo- 
ventricular  bundle  in  the  dog  and  then  stimulated  the  cut  surface.  More 
recently  Cullis  and  Dixon  applied  electrodes  directly  over  the  intact 
bundle  in  the  rabbit's  heart.  While  the  results  obtained  in  both  of  these 
researches  indicate  that  the  bundle  responds  to  direct  stimulation,  the 
very  close  proximity  of  the  ventricular  musculature,  which  could  not 
have  been  more  than  1  mm.  away  from  the  electrodes,  renders  the  con- 
clusions somewhat  uncertain. 

It  has  been  said  that  some  of  the  branches  of  the  His-Tawara  system 
cross  the  cavities  of  the  ventricles  by  way  of  the  false  tendons  or  inter- 
ventricular bands.  The  studies  of  Petersen,  which  were  confirmatory  of 
Miss  DeWitt's  observations,  demonstrate  that  some  of  these  interven- 


es. For  a  discussion  of  this  subject  see  Shafer's  Text  Book  of  Physiology, 
London,  1900,  ii,  10. 
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tricular  bands  in  the  beef's  heart  consist  of  Purkinje  fibers  and  con- 
nective tissue  exclusively.  Thus  the  way  was  opened  to  a  conclusive  reply 
to  the  question  of  irritability  and  conductivity  in  the  Purkinje  system. 
It  has  been  determined  in  the  perfused  beef's  heart  that  stimulation  of 
false  tendons,  which  were  found  by  subsequent  histological  examination 
to  be  entirely  free  of  heart  muscle  proper  and  to  contain  as  irritable 
structure  only  Purkinje  tissue,  causes  a  contraction  of  the  ventricles.^^ 
There  could  be  no  question  in  these  experiments  of  an  escape  of  the 
current  to  the  ventricular  musculature,  since  often  the  electrodes  were 
applied  to  the  false  tendons  a  centimeter  or  more  from  their  insertion 
into  the  ventricular  wall,  while  the  strength  of  the  stimulus  eliciting  a 
reply  from  the  false  tendon  in  many  cases  did  not  suffice  to  elicit  a  reply 
when  applied  directly  to  the  ventricular  wall. 

This  method  has  also  served  to  shed  some  light  on  other  important 
matters.  By  means  of  it,  it  has  been  found  possible  to  show  that 
impulses  carried  to  the  ventricles  by  way  of  the  His-Tawara  system  are 
not  of  necessity  delivered  first  to  the  papillary  muscles.  If  a  false  tendon 
be  divided  near  its  middle  and  the  two  stumps  be  stimulated  separately, 
the  ventricles  will,  in  both  cases,  contract.  Assuming  that  in  both  cases 
the  impulse  is  delivered  to  the  papillary  muscles,  the  distance  it  must 
travel  by  way  of  the  papillary  stump  of  the  false  tendon  would  be  much 
shorter  than  the  distance  by  way  of  the  septal  stump,  and  we  should 
expect  to  find  a  corresponding  difference  in  the  latent  period  of  the 
ventricular  contraction.  As  a  matter  of  fact,  however,  the  latencies  have, 
as  nearly  as  can  be  determined,  the  same  duration. 

However  this  may  be,  it  can  be  shown  that  the  central  stump  of  the 
false  tendon  probably  does  not  terminate  close  to  its  insertion  into  the 
septum.  It  is  well  known  that  practically  all  of  the  main  branches  of 
the  His  bundle  lie  immediately  under  the  endocardium,  the  terminal 
branches  alone  apparently  dipping  into  the  depths  of  the  myocardium. 
It,  therefore,  seems  justifiable  to  assume  that  a  cut  a  couple  of  milli- 
meters deep  circumscribing  the  septal  insertion  of  a  false  tendon  severs 
all  of  the  Purkinje  tissue  connected  therewith,  excepting  that  of  the 
terminal  branches.  Such  a  cut  has  been  found  to  annul  the  response  of 
the  ventricles  to  stimulation  of  the  circumscribed  false  tendon,  while  the 
mere  ringing  of  an  area  of  heart  muscle  does  not  of  itself  annul  the 
irritability  of  the  enclosed  area.  At  least  two  interpretations  of  this 
result  are  possible:  (1)  Either  the  immediate  connections  of  the  false 
tendon  with  the  subjacent  heart  tissue  are  not  extensive  enough  to  carry 
the  impulse,  that  is  to  say,  a  relatively  complete  block  results  from  the 
operation;  or  (3)  the  impulse  before  it  is  delivered  to  the  myocardium 
must  first  be  carried  to  some  distant  point  by  the  large  subendocardial 


69.  Erlanger:   Am.  Jour.  Physiol.,  1012,  xxx,  395. 
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strands  of  the  conducting  system.    It  remains  for  future  work  to  settle 
this  matter. 

Another  point  of  some  interest  in  connection  with  the  localization  of 
conduction  is  the  following:  It  is  well  known  that  impulses  are  con- 
ducted in  either  direction  between  the  auricles  and  ventricles.  Conse- 
quently it  should  be  possible  to  show  that  the  conducting  system,  if  prop- 
erly so-called,  will  carry  impulses  in  either  direction.  Experiments  with 
false  tendons  have  shown  not  alone  that  this  is  the  case,  but  also  that 
the  impulses  are  carried  at  the  same  rate  in  either  direction. 

CONCLUSION 

The  first  conclusion  one  is  apt  to  draw  from  a  review  of  the  work 
that  has  been  done  in  the  effort  to  localize  the  site  of  impulse  initiation 
and  conduction  is  that  the  former  subject  at  least  is  in  a  state  of  hopeless 
confusion.  I  venture  to  predict,  however,  that  when  the  last  word  has 
been  said,  the  structure  and  function  of  the  mammalian  heart  will  be 
found  to  be  almost  identical  with  the  structure  and  function  of  the 
heart  of  cold-blooded  animals,  of  which  the  heart  of  the  eel,  owing  to  its 
simplicity  and  to  the  care  with  which  it  has  been  studied,  may  serve  as  a 
type.  The  normal  sequence  of  the  eel's  heart  differs  in  no  wise  from 
that  in  other  hearts,  sinus,  auricles  and  ventricles  contracting  in  the 
order  given,  which  is  also  the  order  of  the  rhythm  of  these  parts  when 
isolated.  Under  the  eye  it  can  be  seen  that  the  contraction  begins  in  the 
venous  part  of  the  sinus.  It  passes  from  the  sinus  directly  into  the 
nearest  part  of  the  auricle  and  then  spreads  over  the  auricular  tissue, 
whence  it  passes  into  the  auricular  canal  through  which  it  finally  involves 
the  central  fibers  of  the  ventricle.  "The  rhythmical  power  of  each  seg- 
ment of  the  heart  varies  inversely  as  does  the  distance  from  the  sinus." 
The  auricular  canal,  which  might  almost  be  regarded  as  a  prolongation 
of  the  sinus  tissue,  possesses  a  much  higher  rhythmical  power  than  the 
auricles.  Therefore,  in  the  mammalian  heart  we  should  expect  the 
rhythmicity  of  the  sinoventricular  bundle  to  be  exceeded  only  by  that 
of  the  sinus  region,  and  this  seems  to  be  to  the  case.  In  the  eel's  heart  the 
impulse  normally  reaches  the  ventricle  by  way  of  the  auricle,  but  it  can 
reach  the  ventricle  directly  by  way  of  the  auricular  canal  also.  In  the 
latter  event  the  auricles  do  not  contract.  The  anatomical  possibility  of 
this  path  has  been  all  but  worked  out  in  the  mammalian  heart.  It  is 
believed  that  the  finding  of  such  a  path  would  help  materially  toward 
accounting  for  the  appearance  of  nodal  rhythm  following  excision  of 
the  upper  part  of  the  sinus  region  as  well  as  for  many  other  of  the 
phenomena  noted  in  this  paper.  In  any  event,  we  cannot  afford,  in  the 
interpretation  of  the  functions  of  the  heart  of  man,  to  ignore  the  results 
of  investigation  in  the  field  of  comparative  physiolog}'. 
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A     STUDY     OF     VASOMOTOE     EEFLEXES     ELICITED     BY 

HEAT    AND     COLD    FROM    REGIONS    DEVOID     OF 

TEMPERATURE     SENSIBILITY      (IN     AN 

UNUSUAL     CASE     OF       POST- 

TYPHOIDAL    NEURITIS)* 
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CLEVELAND 

This  study  was  undertaken  with  two  objects:  one  clinical,  the  other 
physiological.  From  both  aspects  the  results  obtained  seem  to  be  of 
sufficient  interest  and  utility  to  warrant  their  publication.  The  clinical 
object  was  primarily  to  throw  light,  if  possible,  on  the  diagnosis  of  a 
case  which  seemed  to  present  considerable  difficulty  and  concerning  which 
very  different  conclusions  had  been  arrived  at  by  competent  clinical 
observers.  The  physiological  object  was  to  contribute  something  to  the 
solution  of  the  question  whether  the  afferent  fibers  through  which  the 
vasomotor  reflexes  induced  by  the  application  to  the  skin  of  heat  and 
cold  are  identical  with  the  fibers  concerned  in  the  corresponding  sensa- 
tions, a  question  which,  so  far  as  we  are  aware,  has  not  received  a  definite 
answer.  It  is,  of  course,  known  that  actual  consciousness  of  the  sensa- 
tions is  not  necessary  for  the  development  of  the  vasomotor  reactions, 
since  they  occur  also  in  sleep.  But  we  do  not  know  whether  a  lesion, 
especially  a  peripheral  lesion,  which  completely  blocks  the  transmission 
of  impulses  along  tlie  nerves  of  temperature  sensation,  or  at  least  prevents 
them  from  rising  to  the  threshold  value  necessary  for  the  production  of 
sensation,  blocks  at  the  same  time  all  the  afferent  vasomotor  impulses 
set  up  by  heat  or  cold.  An  answer  to  this  question  is  not  only  of 
physiological  interest,  but  also  might,  in  certain  cases,  prove  of  diagnostic 
importance,  particularly  in  affording  a  basis  for  an  objective  test  of  the 
existence  and  possibly  for  an  objective  measure  of  the  acuity  of  tem- 
perature sensibility. 

The  vasomotor  reflexes  in  this  study  were  investigated  by  means  of 
the  method  of  measuring  the  blood-flow,  previously  described  by  one  of 

*Manu9cript  accepted  for  publication  in  The  Akchives,  Dec.  26,  1912. 
*From  the  City  Hospital  and  the  H.  K.  Gushing  Laboratory  of  Experimental 
Medicine,  Western  Reserve  University. 
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us.^  The  reflexes  elicited  in  one  hand  when  the  other  hand  or  a  portion 
of  it  is  placed  in  cold  or  Avarm  water,  that  is  to  say,  the  contralateral 
vaso-motor  reflexes,  were  preferred  for  this  study  to  the  ipsolateral 
reflexes  induced  in  the  hand  immersed  in  the  hot  or  cold  water,  since  it 


Table  1. — Results  of  Caloeimetee  Tests  on  R.  E. 

April  26,  1912.     R.  E.     Hands  in  bath  at  1:511^  p.  m.     Hands   in   calorimeters   at   2:03   p. 
3,015  c.c.  water  in  each.     Examination  made  in  hospital. 


s 

R. 

L. 

Notes 

a 

L. 

Notes 

2.02 

31.00 

30.76 

2.42 

30.99 

2.04 

30.91 

30.69 

Room    24.5    C. 

2.43 

31.025 

2.05 

30.90 

30.67 

2.44 

31.05 

Room  24.0  C. 

2.06 

30.88 

30.65 

2.45 

31.095 

2.07 

30.86 

30.63 

2.46 

31.12 

Here  cold  water  was  brought  into 

2.08 

30.84 

30.63 

2.47 

31.13 

room    and     excited     his     appre- 

2.10 

30.82 

30.61       Room  24.3.                                    | 

hensions. 

2.11 

30.80 

30.59 

2.48 

31.15 

At  2.48  right  hand  and  wrist  put 

2.13 

30.78 

30.57 

2.49 

31.17 

into  water  at  8   C.     He  feels  it 

2.15 

30.77 

30.555 

Room  24.25   C. 

2.50 

31.19 

very   cold   on  wrist,   but  not  at 

2.17 

30.76 

30.545 

2.51 

31.20 

all    on    fingers.       Feels     fingers 

2.19 

30.75 

30.55 

2.52 

31.205 

somewhat  numb. 

2.21 

30.77 

30.59 

Room  24.2  C. 

2.53 

31.21 

2.22 

30.775 

30.605 

2.54 

31.215 

2.23 

30.78 

30.61 

2.55 

31.215 

Still    feels    the    right    wrist    very 

2.24 

30.79 

30.635 

cold. 

2.25 

30.795 

30.655 

2.56 

31.22 

The  eold  water  is  now  at  12.5  C. 

2.26 

30.80 

30.675 

2.57 

31.215 

Room  23.6  C. 

2.27 

30.805 

30.70 

2.58 

31.225 

2.28 

30.81 

30.725 

Room  24.0  C. 

2.59 

31.225 

2.29 

30.82 

30.73 

3.00 

31.23 

2.30 

30.83 

30.745 

3.01 

31.235 

2.31 

30.84 

30.765 

3.02 

31.24 

Room  23.6  C. 

2.32 

30.86 

30.79 

3.03 

31.25 

At  3.03  right  hand  and  wrist  put 

2.33 

30.875 

30.825 

3.04 

31.255 

into  water  at  43  C.     The  wrist 

2.34 

30.885 

30.835  1  Right  hand  and  wrist  put  in 

3.05 

31.27 

still  felt  cold  for  a  little  time  in 

2.35 

30.85    ;      water   at  43   C.     Feels   it 

3.06 

31.29 

the  warm  water. 

1 

1 

on  wrist. 

3.07 

31.305 

2.36 

30.865 

3.08 

31.32 

2.37 

30.875 

3.09 

31.325 

2.38 

30.895 

3.10 

31.325 

2.39 

30.915 

3.11 

31.325 

2.40 

30.93 

3.12 

31.325 

At  3.12  took   hand  out  of  calori- 

2.41 

30.965 

3.251/2 

31.17 

meter. 
The    right   hand    is    reddish;      ob- 
viously fair  vasodilatation.  Tem- 
perature of  R.  30.395  C. 

Cooling  of-R.  0.49°  in  5iy2  minutes.     Cooling  of  L.  0.155°   in  13iA  minutes.     Volume  of  right 
hand  379  c.c,  of  left  397  c.c.     Rectal  temperature  37.05  C. 

is  commonly  stated  that  even  in  the  absence  of  connection  with  the  cen- 
tral nervous  system  the  blood-vessels  quickly  regain  the  power  of  respond- 
ing to  local  changes  of  temperature  through  the  intervention  of  a  local 


1.  Heart,  1911,  iii,  33,  70;  The  Aechives  Ixt.  Med.,  1912,  ix. 
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re.gulating  mechanism.  Thus  Trotter  and  Davies,^  who  studied  the 
phenomena  following  the  section  of  cutaneous  nerves  in  themselves,  state 
that  "The  vasomotor  changes  which  follow  nerve-section  begin  to  show  a 
diminution  within  a  few  days  of  the  operation,  and  by  the  end  of  six 
weeks  scarcely  any  abnormality  of  this  function  can  be  detected.  It 
seems  probable,  therefore,  that  recovery  occurs  by  some  local  compensa- 
tory mechanism  rather  than  by  an  active  regeneration  of  the  vasomotor 
nerve  fibers." 


Table  2. — Results  of  Calorimeter  Tests  on  E.  E. 

May  2,  1912,  R.  E.  Hands  in  bath  at  3.15  p.  m.  Hands  in  calorimeters  at  3.26  p.  m.  Mouth 
temperature  36.57  C.  Temperature  of  arterial  blood  at  wrist  (say)  36.6  C.  Examination  made 
in  hospital. 


(U 

a 

R 

L 

H 

3.241/2 

31.10 

31.16 

3.27 

31.07 

31.15 

3.28 

31.09 

31.16 

3.29 

31.095 

31.17 

3.30 

31.105 

31.185 

3.31 

31.105 

31.20 

3.32 

31.11 

31.21 

3.33 

31.11 

31.225 

3.34 

31.12 

31.225 

3.35 

31.125 

31.23 

3.36 

31.125 

31.23 

3.37 

31.135 

31.225 

3.38 

31.13 

3.40 

31.14 

3.41 

31.15 

3.42 

31.155 

3.43 

31.175 

3.44 

31.195 

Notes 


Room  25.5  C, 


Room  25.4  C. 


At  3.37  left  hand  put  in 
water  at  43  C.  Room 
25.4  C.  He  feels  warmth 
on   wrist. 

At  3.40  withdrew  wrist, 
dried  it,  and  put  in  cloth 
to  keep  it  from  vessel. 
Now  feels  warmth  only 
on  middle  phalanx  of  left 
index  finger.  At  3.42  left 
wrist  immersed.  He  feels 
it  warm. 


3.45 
3.46 
3.47 
3.48 
3.49 
3.50 
3.51 


3.52 
3.53 
3.54 

3.55 
3.56 
3.57 
3.58 
4.09 


R 


Notes 


31.235 

31.27 

31.305 

31.345 

31.395 

31.41 

31.45 


31.47 

31.48 
31.495 

31.505 

31.52 

31.525 

31.535 

31.425 


At  3.43  left  wrist  withdrawn.  He 
feels  warmth  only  on  middle  phal- 
anx of  left  index  finger.  Hand  kept 
thus  for  the  rest  of  the  experiment. 

Room  24.9  C. 

At  3.50  left  hand  put  in  cold  water 
at  8.3  C.  Wrist  not  immersed. 
Only  feels  cold  on  middle  phalanx 
of  index  finger. 

Room  25.0  C. 

Still  feels  cold  intensely  on  middle 
phalanx  of  index.  The  cold  water 
is  now  at  10.4  C. 

Still  complains  of  cold  in  this 
phalanx. 

Hands  out  at  3.58. 

Temp,  of  L.  is  now  30.95  C. 


Cooling  of  calorimeters  R.  0.11°  in  11  minutes.  L.  0.275°  in  32  minutes. 
361  c.c;  left  hand,  385  c.c.     Pulse  76  (half  reclining). 

EEPOET  OF  CASE 


Volume  of  right  hand. 


History. — The  patient  first  came  under  observation  of  one  of  us  in  1898,  when 
he  showed  very  marked  atrophy  of  the  small  muscles  of  the  hands,  with  less 
atrophy  of  the  extensor  group  of  the  forearms  and  legs.  He  was  not  under  close 
observation  then  until  1908,  when  the  following  history  and  condition  were 
elicited : 

R.  E.,  white,  aged  44  years,  widower,  laborer. 

Family  History.— Father  died  at  the  age  of  57  of  "paralysis  of  the  brain." 
Mother  died  at  the  age  of  30  of  "childbirth."     Three  sisters  and  three  brothers 


2.  Trotter  and  Davies:     Jour.  Physiol.,  1909,  sxxviii,  188. 
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dead;  four  died  when  very  small;  one  died  of  typhoid  fever  and  one  died  as  the 
result  of  an  accident.  One  uncle  died  of  tuberculosis.  Grandfather  died  of  "liver 
trouble." 

Previous  History. — The  patient  had  scarlet  fever,  measles,  and  mumps  when 
small;  had  typhoid  fever  twenty-four  years  ago  (in  1884),  rheumatism  in  left 
shoulder  two  or  three  years  previous  to  examination,  and  again  a  slight  recur- 
rence in  the  right  leg  during  the  previous  seven  months.  The  patient  denies  ever 
having  had  any  venereal  disease;  had  much  catarrh  sixteen  years  previously; 
could  not  smell  anything  unless  very  strong  for  the  previous  ten  years.  Had 
cough  and  expectoration  for  the  previous  five  or  six  years.  Tubercle  bacilli  were 
found  in  the  sputum  twice.  He  had  pleurisy  several  times  two  or  three  years 
prior  to  examination,  and  was  short  of  breath  for  five  or  six  years ;  ankles  swollen 
some  six  years  previously;  appetite  only  fair,  some  A'omiting  after  eating  for  the 
previous  year  or  so;  pain  in  stomach  at  times — cramp-like,  yet  not  very  sharp; 
bowels  regular;  no  incontinence  of  feces;  some  incontinence  of  urine  eight  or  nine 
months  previously  that  lasted  for  three  months;  had  had  no  incontinence  lately, 
no  slowness  in  urination,  and  no  change  in  sexual  function.  The  patient  expe- 
rienced unsteadiness  in  the  dark  for  twenty  years;  also  when  he  closed  his  eyes 
to  wash  his  face.  There  was  some  double  vision  for  previous  six  years;  no 
paresthesia.  Wasting  of  hands,  arms  and  legs,  first  noticed  about  the  knees  fol- 
lowed typhoid  fever  twenty-four  years  previously.  He  noted  loss  of  sensation  in 
hands,  then  in  feet  three  or  four  years  after  he  noticed  the  muscular  wasting. 
He  had  fourteen  operations  for  empyema  of  the  frontal  sinuses.  When  he  had 
typhoid  fever  he  had  pain  in  the  right  groin;  no  bed  sores;  hair  came  out; 
noted  much  muscular  wasting  while  sick;  could  not  walk  for  three  months  after 
getting  over  his  typhoid;  had  no  pain  in  legs  or  arms  at  that  time.  Wasting 
of  muscles  was  very  marked  three  years  after  typhoid  and  about  this  time  he 
noted  loss  of  sensation,  first  in  the  lower  legs,  then  in  the  feet,  and  then  in  the 
arms  and  hands.  Feet  numb;  no  stinging  or  burning.  At  this  time  the  urine 
and  sputum  showed  nothing  abnormal. 

Physical  Examination. — This  showed  scars  over  the  frontal  sinuses  from 
repeated  operation,  which  interfered  with  the  action  of  the  frontal  muscles;  no 
pupillary  reaction  to  ordinary  light;  no  njstagmus;  some  contraction  of  the 
field  of  vision  in  all  diameters;  jaw-jerk  not  present;  no  glandular  enlargement, 
no  changes  in  the  bones  or  joints;  no  scars  or  pigmentation  of  the  skin. 

Muscular  System. — Quite  marked  atrophy  of  the  trapezii,  supraspinati  and  also 
of  the  serratus  magnus  on  the  right  side ;  some  wasting  of  the  serratus  magnus  on 
the  left.  Both  erector  spinae  muscles  rather  small  and  wasted.  Considerable 
strength  in  the  biceps,  triceps  and  deltoid  on  both  sides;  also  of  the  supinators 
and  pronators;  very  marked  atrophy  of  all  of  the  small  muscles  of  the  hands 
and  extensors  and  flexors  of  the  forearm.  Ulnar  border  of  forearms  concave  due 
to  muscular  atrophy.  Marked  atrophy  of  the  thenar  and  hypothenar  eminences. 
He  could  not  "make  a  fist"  with  either  hand  and  had  practically  no  grip.  The 
face  had  a  somewhat  mask-like  appearance,  probably  due  to  the  sinus  operations. 
He  had  a  double  partial  ptosis  (due  to  a  sinus  operations?)  ;  was  able  to  shut  both 
eyes;  there  seemed  to  be  no  paralysis  of  the  facial  muscles  and  the  orbicularis  oris 
was  strong.  The  muscles  of  the  soft  palate  and  tongue  were  normal.  The  voice  was 
husky,  more  like  a  voice  of  weakness  than  of  paralysis.  Platysma  myoides  and 
sternocleidomastoid  and  other  muscles  of  the  neck  were  much  atrophied.  The 
pectoral  muscles  showed  good  volume.  The  abdominal  muscles  were  greatly 
weakened  so  that  he  could  not  bring  himself  into  a  sitting  position  without  the 
aid  of  his  arms.  The  atrophy  was  more  marked  on  the  left  side.  There  was 
considerable  wasting  of  all  groups  of  muscles  of  the  thigh,  especially  the  abduc- 
tors; marked  atrophy  of  the  peroneal  groups,  causing  toe-drop;  fairly  good  power 
in  the  calf  muscles;  extensors  and  flexors  practically  without  power;  marked 
wasting  of  the  interossei;   had  some  flat-foot. 

Reflexes. — Bicipital,  elbow  and  wrist-jerks  all  absent.  Abdominal  reflex 
present  at  all  levels;  cremasteric  absent.     Knee-jerks  and  Achilles-jerk  absent  on 
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Table  3. — Results  of  Calorimeter  Tests  on  R.  E. 


May  8,  1912.  R.  E.  He  says  he  feels  better  and  is  in  better  spirits  than  at  the  two  previous 
examinations,  partly  due  to  the  fact  that  his  wife  accompanied  him;  also  to  the  expectation  of  some 
pecuniary  reward.  Examination  made  in  laboratory.  Hands  in  bath  at  1.43  p.  m.,  in  calorimeters 
at  1.53  p.  m.;  3,015  c.c.  in  each.     Mouth  temp.  36.95  C. 


first  part  of  test 


0) 

(D 

H 

R 

L 

Notes 

a 

R 

L 

Notes 

H 

H 

1.52 

30.995 

30.97 

Room  22.2  C. 

2.01 

31.01 

31.04    1 

1.54 

30.935 

30.925 

2.02 

31.025 

31.05 

Room  22.9  C. 

1.55 

30.935 

30.93 

2.03 

31.04 

31.065 

1.56 

30.935 

30.93 

2.04 

31.065 

31.095 

1.57 

30.96 

30.955 

Room  22.7  C. 

2.05 

31.095 

31.125 

Room  23.0  C. 

1.58 

30.98 

30.99 

2.06 

31.11 

31.14 

1.59 

30.995 

31.01 

2.07 

31.13 

31.165 

2.00 

31.00 

31.025 

2.08 

31.15 

31.20 

second  part  of  test 


a> 

Ol 

a 

L 

Notes 

a 

L 

Notes 

H 

H 

2.09 

31.205 

At  2.08  right  hand  put  in  water  at 

2.39 

31.71 

2.10 

31.22 

43  C.     Wrist  not  immersed.      He 

2.40 

31.725 

At  2.40%   right  hand  put  in  water 

2.11 

31.23 

does  not  feel  warmth  at  all. 

2.41 

31.735 

at  8  degrees.  Wrist  carefully  dried 

2.12 

31.235 

Room   22.8    C. 

2.42 

31.74 

and  not  immersed.   He  did  not  feel 

2.13 

31.25 

The  warm  water  is  now  at  41  C. 

2.43 

31.75 

the  cold  at  all. 

2.14 

31.26 

2.44 

31.765 

Room  22.7. 

2.15 

31.295 

Room  22.95  C. 

2.45 

31.78 

2.16 

31.32 

2.46 

31.795 

2.17 

31.325 

2.47 

31.805 

The  cold  water  is  now  at  9.7°. 

2.18 

31.33 

2.48 

31.81 

2.19 

31.34 

2.49 

31.825 

2.20 

31.35 

Room  22.9  C. 

2.50 

31.83 

Room   22.6. 

2.21 

31.36 

2.51 

31.835 

2.22 

31.38 

2.52 

31.835 

2.23 

31.405 

"^ 

2.53 

31.835 

2.24 

31.425 

2.54 

31.84 

At  2.54  right  hand,  including  wrist. 

2.25 

31.435 

Room  22.7  C. 

2.55 

31.84 

put  into   water  at  43°.     He  feels 

2.26 

31.45 

2.56 

31.84 

the  wrist  warm. 

2.27 

31.47 

2.57 

31.84 

Room   22.8. 

2.28 

31.495 

At  2.28  right  hand,  including  wrist. 

2.58 

31.84 

2.29 

31.50 

immersed  in  water  at  43  C.  Feels 

2.59 

31.845 

it  warm  on  wrist. 

3.00 

31.845 

2.30 

31.525 

Room    22.9    C. 

3.01 

31.85 

2.31 

31.53 

3.02 

31.855 

2.32 

31.54 

3.03 

31.855 

2.33 

31.565 

3.05 

31.85 

At    3.05    hand    out    of    calorimeter. 

2.34 

31.59 

Room  22.7  C. 

3.13 

31.74 

Temp,  of  R.  30.39. 

2.35 

31.625 

2.36 

31.635 

2.37 

31.65 

2.38 

31.685 

Room  22.8  C. 

Cooling  of  calorimeter  R.  0.76  degrees  in  65  minutes;   cooling  of  calorimeter  L.   0.11   degrees   in 
8  minutes.     Volume  of  right  hand  403  c.c.     Volume  of  left  hand,  421  c.c. 
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both  sides.  No  plantar  reflex;  no  Babinski,  Oppenlieim  or  Gordon  reflexes  were 
present  on  the  left  side.  There  was  a  slight  plantar  reflex  on  the  right  side 
involving  but  the  four  small  toes,  and  with  this  stimulus  the  quadriceps  con- 
tracted although  he  felt  nothing.  No  Babinski,  Oppenlieim  or  Gordon  present  on 
the  right  side;  gluteal  reflexes  present;  no  enlargement  or  tenderness  of  the  nerve 
trunks  found. 

Sensory  Symptoms. — The  patient  was  anesthetic  to  all  forms  of  sensation  over 
the  frontal  region  laterally  to  the  line  of  the  outer  canthus  of  the  eyes,  probably 
due  to  nerve  lesions  caused  by  sinus  operations.  No  anesthesia  of  the  rest  of  the 
face.  No  anesthesia  of  the  neck  or  trunk.  Toes,  feet,  and  legs  were  anesthetic 
to  all  forms  of  sensation  to  above  the  knees.  On  the  right  side  the  line  of 
anesthesia  is  just  at  the  upper  border  of  the  patella  and  running  around  to  one 
inch  higher  on  the  posterior  surface.  On  the  left  leg  the  line  of  anesthesia  was 
an  inch  above  the  patella  in  front,  curving  downward  a  little  on  each  side,  then 
curving  up  posteriorly  to  the  upper  part  of  the  popliteal  space.  Analgesia 
extended  to  about  two  inches  higher  than  anesthesia  to  touch  in  front  and 
slightly  lower  posteriorly.     Deep  pressure  sense  was  absent  in  the  legs. 

Left  arm,  hand  and  fingers  were  anesthetic  to  all  forms  of  sensation  from  a 
line  about  three-fourths  inch  above  elbow-joint. 

Right  arm,  hand,  and  fingers  were  anesthetic  to  all  forms  of  sensation,  includ- 
ing deep  pressure,  below  a  line  about  one  and  one-half  inches  above  the  condyle 
of  the  humerus,  extending  a  little  higher  on  the  anterior  surface. 

Stereognostic  sense  was  gone  in  the  hands;  could  not  tell  position  of  fingers 
or  hand. 

Patient  stood  with  knees  over-extended  and  walked  with  steppage  gait,  throw- 
ing right  foot  farther  forward,  however,  than  left.  Toes  had  a  tendency  to  drag, 
due  to  drop-foot. 

Lumbar  puncture  showed  low  pressure,  clear  fluid;  twelve  cells,  mostly 
lymphocytes,  to  the  c.mm.     Urine   showed  nothing  abnormal. 

April  13,  1909,  the  patient  showed  slight  nystagmus;  contrary  to  what  was 
previously  observed  pupils  equal  and  reacted  to  li£>;ht  and  accommodation.  Seem- 
ingly some  weakness  of  the  labial  muscles  and  cheek  muscles.  Tongue  showed 
wrinkling  and  thinning,  seemingly  slight  atrophy,  equal  on  both  sides.  Some  diflS- 
culty  in  swallowing  owing  to  the  food  coming  out  of  the  nose. 

He  said  he  could  not  walk  down  hill,  but  must  run  down  owing  to  weakness 
of  the  extensors  of  the  legs.  At  this  time  both  patellar  and  both  plantar  reflexes 
were  absent. 

April,  1912,  blood  showed  a  negative  Wassermann  reaction. 

May,  1912,  patient  again  came  under  observation^ at  the  Cleveland  City 
Hospital  and  a  few  additional  facts  in  regard  to  the  history  may  be  added. 

The  patient  stated  that  he  was  in  a  sanatorium  for  tuberculosis  seven  years 
previously  and  was  discharged  as  seemingly  cured  after  nine  months'  stay.  He 
gave  no  history  of  lightning  pains  or  gastric  crises.  He  still  experienced  con- 
siderable difficulty  in  walking.  He  had  some  trouble  at  times  in  controlling  the 
bladder  and  had  several  involuntary  bowel  movements,  but  as  a  rule  he  had  no 
trouble  in  controlling  the  sphincters  of  bladder  and  bowel. 

He  said  his  feet  felt  cold  and  numb  at  times,  but  he  had  no  other  subjective 
sensory  symptoms. 

He  had  lately  married  for  the  fourth  time.  History  of  his  marital  relations 
showed  nothing  suggestive  of  a  syphilitic  infection. 

He  believed  that  the  strength  in  nis  hands  and  feet  was  slowly  improving, 
which  seems  to  be  very  certain  judging  from  the  records  of  former  examinations. 
The  patient  said  his  hands  and  feet  always  felt  cold  to  other  people  when  he, 
himself,  could  tell  no  difference. 

Examination  of  the  chest  showed  evidence  of  a  quiescent  tuberculosis  at  the 
right  apex.  Cardiovascular  system  shows  nothing  abnormal,  although  heart 
sounds  seem  quite  faint.     No  murmurs  present. 


Table  4. — Results  of  Calobimeteb  Test  on  R.  E. 
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May  18,  1912.  E.  E.  He  came  from  his  home  to  the  City  Hospital  for  this  examination.  The 
weather  was  fairly  warm.  Hands  in  bath  at  11:48  a.  m.  Hands  in  calorimeters  at  11.58  a.  m. 
3,015   c.c.    water   in   each.     Mouth   temperature,  36.55  C. 


FIRST   PAET   OF   TEST 


0) 

a 

R. 

L. 

Notes 

4) 

a 

R. 

L. 

Notes 

11.571^ 

30.91 

30.87 

Room  24,8   C. 

12.09 

30.99 

30.985 

11.59 

30.89 

3085 

12.10 

30.995 

31.00 

12.00 

30.90 

30.86 

12.11 

31.00 

31.02 

Room  24.8  C. 

12.01 

30.91 

30.88 

Room  24.9  C. 

12.12 

31.01 

31.025 

12.02 

30.93 

30.91 

He  saw  cold  water  being 

12.13 

31.02 

31.035 

12.03 

30.94 

30.92 

prepared  with  ice. 

12.14 

31.035 

31.045 

Room  24.6   C. 

12.04 

30.94 

30.925 

Room  24.9  C. 

12.15 

31,045 

31.055 

12.05 

30.945 

30.93 

12.16 

31.06 

31.065 

12.06 

30.96 

30.94 

12.17 

31.065 

31.08 

At   12.17   right   hand    (not 

12.07 

30.97 

30.955 

wrist) put   into  water   at 

12.08 

30.98 

30.97 

Room  24.9   C. 

8.2   C.     He  did  not  feel 
the  cold  at  all. 

SECOND   PAET   OF   TEST 


a 

L. 

Notes 

a 

L. 

Notes 

12:18 

31.085 

12.49 

31,555 

12.19 

31.09 

Room  24.4  C. 

12.50 

31.575 

At  12.50  immersed  right  hand  over 

12.20 

31.10 

12.51 

31.58 

wrist  in  the  cold  water.  Feels  it 

12.21 

31.11 

Room  24.6  C. 

12.52 

31.59 

very  cold  on  wrist.    The  water  is 

12.22 

31.125 

8.9  C. 

12.23 

31.14 

12.53 

31.585 

Room  24.6  C. 

12.24 

31.155 

Room  24.5  C. 

12.54 

31.60 

12.25 

31.17 

12.55 

31.61 

Still  feels  it  quite  cold  on  wrist. 

12.26 

31.19 

12.56 

31.625 

Room  24.6  C. 

12.27 

31.22 

12.57 

31.625 

12.28 

31.23 

Room  24.5  C. 

12.58 

31.625 

12.29 

31.24 

At    12.29    right   hand    (not   wrist) 

12.59 

31.63 

Room  24.7  C. 

12.30 

31.25 

put  into  water  at  43.5  C.     Feels 

1.00 

31.63 

12.31 

31.25 

nothing.  Room  24.7  C. 

1.01 

31.635 

12.32 

31.27 

The  cold  water  is  now  9.7  C. 

1.02 

31.64 

At  1.02  right  hand  and  wrist  put 

12.33 

31.31 

1.03 

31.645 

into  water  at  43.4   C.     Feels  it 

12.34 

31.325 

Does  not  feel  the  warm  water. 

1.04 

31.65 

waim  on  wrist.     Room  24.9  C. 

12.35 

31.34 

Room  26.9   C. 

1.05 

31.67 

12.36 

31.365 

1.06 

31.69 

Room  24.9  C. 

12.37 

31.40 

1.07 

31.71 

12.38 

31.42 

Room  24.9  C. 

1.08 

31.72 

12.39 

31.425 

1.09 

31.725 

12.40 

31.435 

1.10 

31.73 

Room  24.9   C. 

12.41 

31,445 

The  warm  water  is  now   40   C. 

1.11 

31.73 

12.42 

31.46 

At    12.42   right   hand    (not   wrist) 

1.12 

31.735 

The  warm  water  is  now  at  40.3  C. 

12.43 

31.485 

put  into  water  at  8  C.    Does  not 

1.13 

31.74 

At  1.13  dried  and  wrapped  up  right 

12.44 

31.50 

feci  the  cold  at  all. 

1.14 

31.75 

hand. 

12.45 

31.515 

Room  24.8  C. 

1.15 

31.755 

12.46 

31.525 

1.16 

31.765 

Room  24.9  C. 

12.48 

31.54 

1.17 
1.18 
1.19 

31.775 

31.79 

31.815 

1.20 

31.825 

Room  24.9   C. 

1.21 

31.835 

At  1.21  hand  removed  from  calori- 

1.29 

31.76 

meter.       Temperature    of    R.    is 

30.42  C.  at   1.29. 

Cooling  of  R.  0.64°  in  72  minutes;  L.  0.08= 
hand,  409  c.c. 


m  8  minutes.     Volume  of  right  hand,  391  c.c;  left 
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Abdomen  showed  nothing  abnormal.  Liver  and  spleen  did  not  seem  to  be 
enlarged.     Genitalia  were  normal. 

Reflexes:  Knee-jerks,  Achilles-jerks,  Babinski,  Gordon  and  Oppenheim  reflexes 
all  absent  on  both  sides.  Marked  wasting  of  about  the  same  muscles  that  were 
atrophied  at  the  time  of  examination  made  in  1908,  and  described  above;  although 
the  atrophy  did  not  seem  to  be  as  pronounced  and  the  strength  in  the  hands  was 
much  better. 

Special  Sense. — He  could  taste  neither  sweet,  soui  nor  bitter  on  the  anterior 
two-thirds  of  the  tongue  on  both  sides.  On  the  posterior  one-third  of  the  tongue 
he  seemed  to  be  able,  especially  on  the  left  side,  to  taste  acid,  but  no  sweet  or 
bitter  substances.     Sense  of  smell  was  absent.     Hearing  and  sight  were  normal. 

Sensation. — There  was  loss  to  all  forms  of  sensation  (including  sense  of  posi- 
tion, deep  pressure  and  vibratory  sense)  in  the  right  hand  extending  up  on  the 
forearm  with  a  U-shaped  boundary  on  the  anterior  surface  and  extending  much 
higher  on  the  posterior  surface,  but  here  also  having  an  irregular  boundary 
outline  ( Figs.  1  and  2 ) .  Just  above  this  area  of  complete  anesthesia  to  all 
forms  of  sensation  there  was  an  area  extending  almost  to  the  elbow  joint  where 


Fig.  1. — Anterior  surface.  Total  anesthesia  indicated  by  shading  with  small 
circles;  hypesthesia  (to  all  forms  of  sensation)   by  shading  with  small  crosses. 

all  forms  of  sensation  were  present,  but  less  acute  than  normal.  The  left  hand 
with  the  exception  of  the  entire  index  finger  was  anesthetic  to  all  forms  of  sen- 
sation. (At  the  blood-flow  examinations  he  stated  positively  that  he  felt  heat 
and  cold  only  on  the  middle  phalanx  of  index  finger.)  The  upper  boundary  of 
anesthesia  of  the  hand  was  about  as  high  as  the  so-called  glove  anesthesia.  Above 
this  area  was  a  band  about  5  inches  wide  where  all  forms  of  sensation  were  pres- 
ent, but  less  acute  than  normal.  Above  this  band  there  was  another  area  extend- 
ing almost  to  the  elbow  joint  where  all  forms  of  sensation  were  again  absent. 

The  right  foot  and  leg  were  anesthetic  to  all  forms  of  sensation  up  to  an 
irregular  shaped  line  with  its  highest  point  three  fingers'  breadth  below  the 
patella.  Posteriorly  this  line  curves  downward  to  a  point  six  finger  breadths 
below  the  level  of  the  head  of  the  fibula.  Over  this  area  all  forms  of  sensation 
were  lost,  including  muscle  sense,  deep  pressure  sense  and  vibratory  sense.  The 
left  foot  and  leg  showed  almost  identically  the  same  area  of  anesthesia,  with 
practically  the  same  boundary,  with  the  exception  that  there  was  a  small  round 
area  about  an  inch  in  diameter  on  the  sole  of  the  foot  just  below  the  inner 
malleolus  where  pain  sense  seems  to  be  present. 
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There  was  a  sore  on  the  plantar  surface  of  the  rjght  big  to€  that  seemed  to  be 
painful  to  touch.  Patient  thought  it  was  caused  by  hadly  fitting  shoes.  It  soon 
healed  up  perfectly.  Numerous  other  abrasions  due  to  shoes  were  not  felt  by 
the  patient  at  all. 

Marked  displacement,  laterally  and  in  other  direction,  of  the  knees,  ankles 
and  toe  joints  was  not  perceived  by  the  patient,  but  he  seemed  to  appreciate  the 
position  of  the  left  big  toe. 

It  seemed  as  though  vibratory  sense  was  lost  over  the  patella,  fibula,  tibia 
and  bones  of  the  feet.  There  seemed  to  be  a  lessening  of  the  vibratory  sense  over 
the  lower  third  of  both  thighs. 

Blood  Examination. — Blood  examination  showed  5,200,000  reds,  6,900  leuko- 
cytes and  a  negative  Wassermann.  Lumbar  puncture  showed  rather  low  pressure 
(80  drops  to  the  minute)    clear,  cell-count  4  per  c  mm. 

X-ray  examination  of  the  chest  and  spine  showed  nothing  abnormal. 

Urine. — Specific  gravity  1,018,  trace  of  albumin;  no  sugar  and  no  casts  found. 

Electrical  Reaction. — Electrical  reaction  showed  greater  diminution  in  the 
faradie  than   in  the   galvanic  irritability   in  the  areas  affected  by  atrophy  and 


Fig.  2. — Posterior  surface.  Shading  same  as  in  Fig.  1.  Note  the  small  circu- 
lar area  on  the  left  sole  which  seems  to  be  sensitive  to  pain. 

anesthesia.  Tested  more  exactly  November  14,  1912,  with  a  Mcintosh  battery 
(galvanic  current  from  25  cells  with  total  voltage  of  37.  Faradie  current 
from  coil  on  the  same  apparatus  actuated  by  two  similar  cells.  No.  4  Columbia 
type  114x4  inches  in  size  connected  in  parallel).  The  patient  stated  that  he 
could  feel  somewhat  better  on  the  hands  and  arm?,  than  at  last  examination, 
including  heat  and  cold.     Following  are  details  of  the  electrical  reactions: 

BIGHT  ARM.  GALVANIC  CURRENT  (BROAD  ELECTRODE  ON  BACK* 

N.  Medianus  (7  cm.  above  wrist)  :  KCC>ACC.    No  KOC.    Little  if  any  AOC. 

M.  Palmaris  Longus:  KCC  fair.  ACC  slight.  No  KOC  or  AOC.  (Fairly 
sharp  pain  at  KC  and  some  pain  at  AC.) 

M.  Supinator  Longus  (Palm  of  hand)  :  KCC  (good)  >ACC,  which  >AOC. 
KCOKOC.  No  contraction  either  with  K  or  A  at  C  or  0.  (Slight  pricking 
pain  at  AC,  AO  and  KC.     None  at  KO. ) 


3.  The  "motor  points"  correspond  to  those  given  by  Schatzsky  (Allbutt's 
System  of  Medicine,  i,  454).  It  is  not  implied  that  the  position  of  the  points 
was  identical  in  our  patient,  nor  that  only  the  corresponding  muscle  or  nerve  was 
always  stimulated  by  the  current  used. 
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LEFT    ARM.     GALVANIC    CUEKENT     (BROAD    ELECTRODE   OX    BACK) 

N.  Medianiis  (7  cm.  above  -m-ist)  :  KCC  (flexion  of  three  middle  fingers) 
>KOC.  (Feels  pain  distinctly.)  ACC  (slight  flexion  of  two  middle  fingers) 
is  slightly  less  than  KCC.  AOC  slight  or  absent.  (Pain  greater  at  AC  than 
at  AO.) 

M.  Palmaris  Longus:     Xo  contraction,  and  he  cnly  just  feels  it. 

M.  Supinator  Longus:  KCC  (fair)  >KOC.  ACC  about  the  same  as  KCC. 
AOC  is  nearly  as  strong  as  ACC  and  stronger  than  KOC.  Almost  the  strongest 
current  yielded  by  the  battery  is  needed  to  obtain  even  KCC. 

M.  Biceps:  KCC  (good)  >KOC.  Contractions  easily  obtained  with  rheostat 
2  to  3  divisions  from  the  maximum.  The  contractions  are  better  than  those 
elicited  with  the  active  electrode  over  the  point  "N.  medianus"  (7  cm.  above 
wrist)  immediately  after,  the  current  intensity  indicated  on  the  milliamperemeter 
being  practically  the  same. 

M.  Extensor  Carpi  Ulnaris,  M.  Extensor  Digiti  Minimi,  M.  Extensor  Indicis, 
M.  Extensor  Digitorum  Communis:  Fair  contraction,  both  KCC  and  ACC,  with 
rheostat  three  divisions  from  the  maximum.      (Pain  felt  rather  strongly.) 

N.  Medianus  (above  elbow)  :  KCC.  Good  contraction  (flexion  of  fingers)  and 
considerable  pain. 

The  flexion  of  the  fingers  is  greater  than  KCC  with  N.  medianus  (7  cm.  above 
the  wrist),  but  there  is  much  less  diff"erence  between  the  effects  of  the  galvanic  cur- 
rent on  the  two  points  than  between  the  effects  of  the  faradic  current.  With  the 
galvanic  current  pain  is  quite  distinct  at  both  points  although  stronger  at  the 
point  above  the  elbow. 

Palm  of  Hand:  KCC,  fair  movement  of  fingers,  KCO  very  slight.  (Only  dull 
pains  at  KC.)     ACO,  fair  contraction  and  >ACC. 

LETT   ARM.     FARADIC    CURRENT     (BROAD    ELECTRODE   ON   BACK) 

N.  Medianus  (7  cm.  above  wrist)  :  Xo  contraction  and  very  little  sensation 
with  shield  one-third  withdrawn.  Some  contraction  with  core  completely  uncov- 
ered by  withdrawing  shield  entirely. 

N.  Medianus  (above  elbow)  :  Good  contraction  (flexion  of  fingers)  with  core 
one-third  uncovered  and  pain.  Much  stronger  contraction  with  shield  completely 
withdrawn  than  at  the  lower  X.  medianus  point. 

M.  Palmaris  Longus:  Fair  contraction  with  shield  one-third  withdrawn.  The 
contraction  is  mainly  proximal  to  the  point. 

M.  Supinator  Longus:     Fair  contraction  with  shield  half  withdrawn. 

M.  Biceps:  Good  contraction  with  weakest  current  (shield  not  withdrawn  at 
all).     He  feels  it  well. 

M.  Extensor  Carpi  Ulnaris,  M.  Extensor  Digiti  Minimi,  M.  Extensor  Indicis, 
M.  Extensor  Digitorum  Communis:  Contraction  with  shield  one-fourth  withdrawn. 
The  contraction  is  mainly  proximal  to  the  points  stimulated. 

BIGHT   ABM.      FARADIC    CURRENT     (ONE    ELECTRODE   IN    PALM) 

X.  Medianus  (7  cm.  above  wrist)  :  Xo  contraction  whatever  with  maximum 
strength.     He  feels  some  pain  but  not  much. 

M.  Supinator  Longus:  With  maximum  strength  some  contraction  (dorsi- 
flexion  of  thumb,  index  and  middle  fingers).  Pricking  sensation  mostly  in  the 
palm;  only  a  little  at  position  of  the  other  electrode. 

LEFT    ARM.       FARADIC    CtTRRENT     (ONE    ELECTRODE    IN    PALM) 

N.  Medianus  (7  cm.  above  wrist)  :  With  maximum  strength  some  contraction 
of  muscles  of  ball  pf  thumb,  etc. 

M.  Supinator  Longus:   Fair  contraction  with  maximum  strength. 

M.  Palmaris  Longus:  Xo  contraction  except  with  maximum  strength,  which 
gives  fair  flexion  to  fingers. 
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Four  blood-flow  experiments  on  as  many  separate  days  during  a 
period  of  three  weeks  were  made  on  the  hands  of  this  patient  and  one  on 
his  feet.  The  experiments  on  the  feet  will  be  reserved  for  inclusion  in  a 
separate  paper  on  the  blood-flow  in  the  feet.  A  fifth  experiment  on  the 
hands  was  partially  vitiated  for  its  immediate  purpose  by  the  fact  that 
the  man  came  to  the  laboratory  on  a  rather  cold  morning  with  his  hands 
uncovered.  This  caused  a  persistently  diminished  flow  in  the  hands,  as  is 
particularly  apt  to  be  the  case  in  persons  with  a  habitually  poor  flow, 
so  that  the  existence  of  reflex  vasomotor  effects  from  one  hand  to  the 
other  could  not  be  studied  under  favorable  conditions.  Nevertheless,  the 
results  in  this  experiment,  although  quantitatively  less  marked,  were 
qualitatively  the  same  as  in  the  others. 

The  question  whether  in  this  patient  the  efferent  vasomotor  path  in 
the  areas  where  sensation  is  entirely  gone  is  still  capable  of  conducting 
vasomotor  impulses  was  studied  in  the  experiments  of  April  26  and  May 
2,  in  which  the  vasomotor  reflexes  elicited  in  one  hand  by  the  application 
of  heat  or  cold  to  sensitive  areas  on  or  near  the  other  hand  were  deter- 
mined. The  reflex  effects  on  the  blood-flow  were  normal  in  direction 
and  of  considerable  intensity. 

Thus,  in  the  experiment  of  April  26  the  flow  for  a  period  of  six 
minutes  before  the  vasomotor  reaction  was  tested,  was  3.90  grams  per 
100  c.c.  of  hand  per  minute  in  the  right  hand,  and  4.71  grams  in  the  left. 
For  a  fifteen-minute  period,  immediately  preceding  the  vasomotor  test, 
the  flows  were,  respectively,  3.21  and  4.56  gi'ams.  The  flow  in  both 
hands  was  slowly  increasing  up  to  six  or  eight  minutes  before  the  test. 
The  right  hand,  it  will  be  remembered,  is  the  weaker  of  the  two,  a  con- 
dition which,  in  old-standing  neuritis,  has  been  found  associated  with  a 
smaller  flow.  In  neither  hand  is  the  flow  of  normal  amount  for  the  age 
of  the  patient,  and  the  temperature  of  the  room  and  calorimeters.  This 
agrees  entirely  with  the  fact  that  his  hands  were  always  cold  to  the  touch, 
although  he  himself  did  not  know  that  they  were  cold.  When  the  right 
hand  was  immersed  in  warm  water  so  deeply  that  warmth  was  distinctly 
felt  on  the  wrist,  the  flow  in  the  left  hand  for  the  first  six  minutes  of 
the  immersion  was  reduced  to  3.56  grams  per  100  c.c.  of  hand.  A  rather 
abrupt  increase  then  occurred,  the  average  flow  for  a  further  period  of 
immersion  of  eight  minutes  in  the  warm  water  being  7.19  grams  per  100 
c.c.  of  hand  per  minute.  The  initial  diminution  of  the  flow  in  the  hand 
when  the  contralateral  hand  is  immersed  in  warm  water  is  the  normal 
effect,  only  in  this  case  the  diminution  is  more  prolonged  than  normal. 
On  immersion  of  the  right  hand  and  wrist  in  cold  water,  which  was  well 
felt  on  the  wrist,  the  flow  in  the  left  was  diminished  from  the  average  of 
7.19  grams  per  minute  to  4.86  grams  for  the  first  three  minutes  and  to 
2.71  grams  for  the  next  twelve  minutes,  while  the  right  hand  continued 
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in  the  cold  water.  The  vasoconstriction  and  vasodilatation  in  the  left 
hand  elicited  by  thermal  stimuli  applied  to  the  right  hand  and  appre- 
ciated only  on  the  right  wrist  were  therefore  perfectly  distinct. 

In  the  experiment  of  May  2  the  initial  flows  were  3.03  and  3.08  grams 
per  100  c.c.  per  minute  for  the  right  and  left  hands,  respectively.  When 
the  left  hand  was  immersed  in  warm  water  so  that  the  sensation  of 
warmth  was  only  appreciated  on  the  middle  phalanx  of  the  left  index 
finger,  although  there  quite  intensely,  a  vasomotor  reflex  occurred  in  the 
contralateral  hand  with  exactly  the  same  features  as  in  the  experiment 
of  April  26,  viz.,  a  longer  initial  period  than  usual,  in  which  the  flow 
was  diminished  by  the  application  of  warmth  to  the  contralateral  hand 
(from  3.03  to  2.67  grams  per  100  c.c.  per  minute  for  a  period  of  five 
minutes)  succeeded  by  a  very  durable  increase  (to  8.31  grams  per  100 
c.c.  per  minute)  for  the  remaining  eight  minutes,  during  which  the  left 
hand  continued  in  the  warm  water.  The  reaction  to  the  immersion  of 
the  left  hand  in  cold  water  was  also  quite  distinct  (an  eventual  reduction 
of  flow  in  the  right  hand  from  8.31  to  4.29  grams  per  100  c.c.  per 
minute). 

It  is  noteworthy,  and  of  course,  quite  in  accord  with  experimental 
facts,  that  a  wide-spread  and  intense  vasomotor  reflex  may  be  initiated 
from  a  very  limited  receptive  area.  Therefore,  the  intensity  of  the 
vasomotor  reflex  in  those  two  experiments  is  no  indication  that  any 
portion  of  the  reflex  has  been  elicited  from  the  anesthetic  areas  of  the 
hands  immersed  in  the  warm  or  cold  water.  We  shall  see,  however,  later 
on  that  even  the  anesthetic  areas  do  contribute  something  to  the  total 
effect,  although  the  contribution  is  relatively  slight. 

From  these  experiments  it  can  be  concluded  (1)  that  the  efferent 
vasomotor  paths  in  the  parts  which  are  totally  anesthetic  in  this  patient 
are  quite  capable  of  conduction;  (2)  that  the  centers  concerned  in  reflex 
vasomotor  action  on  the  blood-vessels  of  a  totally  anesthetic  hand  and 
elicited  by  heat  and  cold  from  areas  on  or  near  the  anesthetic  contra- 
lateral hand  are  quite  permeable  for  vasomotor  impulses. 

The  vasomotor  reflex  is  so  good  that  we  can  assume  that  practically 
the  whole  efferent  vasomotor  path  to  the  hand  is  concerned  in  it.  There- 
fore, when  it  is  elicited  from  so  limited  a  receptive  surface  the  relatively 
small  number  of  fibers  in  the  afferent  path  must  have  free  access  either 
directly  or  through  the  bulbar  vasomotor  centers  to  the  spinal  cells  of 
origin  of  the  afferent  fibers  for  practically  the  whole  of  the  contralateral 
hand,  not  to  speak  of  other  areas  which  very  probably  are  involved  in 
the  reaction.  This  could  not  well  be  the  case  if  a  lesion  existed  in  the 
cord,  and  in  the  immediate  vicinity  of  the  cells  of  reception  of  the  small 
afferent  path,  extensive  enough  to  account  for  the  sensory  and  motor 
deficiency  in  the  hands.    Assuming,  then,  that  of  the  three  links  in  the 
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vasomotor  reflex  arc,  two  (the  efferent  path  and  the  central  mechanism) 
are  absolutely  or  relatively  intact,  we  have  now  the  means  of  determining 
the  condition  of  the  third  link  (the  peripheral  afferent  path).  This  was 
done  in  the  experiments  of  May  S  and  May  18,  in  which  the  behavior  of 
the  reflexes  in  one  hand  when  only  the  anesthetic  parts  of  the  contra- 
lateral hand  were  exposed  to  heat  or  cold  were  studied.  It  is  there 
shown  that  the  reflexes  elicited  from  the  anesthetic  areas  are  feeble  in 
comparison  with  those  elicited  from  adjacent  areas  in  which  sensation 
is  preserved.  Thus,  in  the  experiment  of  May  8  the  initial  flow  in  the 
left  hand  was  5.25  grams,  in  the  right  hand  4.71  grams  per  100  c.c.  per 
minute.  For  the  first  ten  minutes  of  immersion  of  the  anesthetic  por- 
tions of  the  right  hand  in  warm  water  the  flow  in  the  left  hand  was  4.03 
gi'ams  per  100  c.c.  per  minute,  which  increased  to  4.82  grams  during 
continued  immersion  of  the  right  hand  (still  only  the  anesthetic  portions) 
for  an  additional  period  of  ten  minutes.  Great  care  was  taken  that  no 
part  of  the  hand  should  be  immersed  in  which  the  patient  preserved  any 
power  whatever  of  temperature  sensation.  The  wrist  was  carefully  pro- 
tected by  cloths  from  contact  with  the  vessel.  When  the  wrist  of  the  right 
hand  as  well  as  the  anesthetic  portions  of  the  hand  were  immersed  in 
warm  water  so  that  the  patient  experienced  a  distinct  sensation  of 
warmth  on  the  wrist,  the  flovv'  in  the  left  hand,  after  an  initial  diminu- 
tion from  4.82  grams  to  4.0  grams  per  100  c.c.  per  minute  for  a  period 
of  four  minutes  (the  normal  effect),  increased  to  6.25  grams  during 
continued  immersion  of  the  hand  and  wrist  in  the  warm  water  for  an 
additional  period  of  eight  minutes.  Immersion  of  the  anesthetic  part  of 
the  right  hand  in  cold  water  caused  the  flow  in  the  left  hand  to  diminish 
to  4.37  grams  for  the  first  eight  minutes  of  immersion.  The  rest  of  the 
experiment  probably  should  not  be  used,  as  the  marked  diminution  in 
the  flow  is  a  phenomenon  often  witnessed  at  the  end  of  long  experiments. 
In  the  experiment  of  May  18  the  initial  flows  were  3.28  and  3.56, 
respectively,  for  the  right  and  left  hand.  Immersion  of  the  right  hand 
(onl}^  the  anesthetic  portions)  m  cold  water  caused  the  flow  in  the  left 
hand  to  diminish  from  3.56  to  3.19  grams  for  the  first  six  minutes  of 
immersion.  During  the  next  six  minutes  of  immersion  of  the  right  hand 
in  cold  water  the  flow  increased  to  4.42  grams  per  100  c.c.  per  minute, 
the  increase,  as  is  usually  the  case  even  in  normal  hands,  beginning 
abruptly.  On  imm.ersion  of  the  anesthetic  portions  of  the  right  hand  in 
warm  water  a  further  small  increase  (to  4.60  grams  per  100  c.c.  per 
minute)  occurred  and  this  was  sustained  during  the  total  period  of 
immersion  of  the  right  hand  in  warm  water  thirteen  minutes.  Immersion 
of  the  anesthetic  portions  of  the  right  hand  in  cold  water  now  caused  a 
slight  diminution  of  the  flow  in  the  left  hand  (from  4.6  to  4.38  grams  per 
100  c.c.  per  minute  for  a  period  of  eight  minutes).    Changes  of  a  very 
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different  order  of  magnitude  were  produced  when  the  right  hand  includ- 
ing the  Avrist  was  now  immersed  in  cold  water,  the  flow  in  the  left  hand 
falling  from  4.38  to  2.83  grams  per  100  c.c.  per  minute  for  the  twelve 
minutes  of  immersion.  The  patient  felt  the  cold  intensely  on  the  right 
wrist,  not  at  all  on  the  rest  of  the  hand.  Immersion  of  the  right  hand 
and  wrist  in  warm  water  caused  an  increase  in  the  flow  in  the  left  hand 
from  2.82  grams  to  4.56  grams  per  100  c.c.  per  minute  for  a  period  of 
five  minutes.  During  the  next  six  minutes,  while  the  right  hand  and 
wrist  were  still  immersed  in  the  warm  water,  the  average  flow  in  the  left 
hand  sank  to  2.89  grams  (probably  vasoconstriction  due  to  the  great 
duration  of  the  experiment).  When  the  right  hand  was  removed  from 
the  warm  water,  dried  carefully  and  wrapped  up  in  a  cloth,  the  flow  in 
the  left  hand  rose  again  to  4.26  grams  per  100  c.c.  per  minute. 

DISCUSSION  AND  CONCLUSIONS 

From  these  four  experiments  taken  together  the  following  conclusion 
seems  justified :  Since  there  is  no  conspicuous  defect  of  conductivity 
either  in  the  centers  or  in  the  efferent  vasomotor  paths  as  shown  in  the 
first  two  experiments,  and  incidentally  also  in  the  last  two,  the  defect  in 
the  experiments  in  which  only  anesthetic  areas  were  exposed  to  warmth  or 
cold  must  lie  in  the  afferent  portion  of  the  arc;  that  is  to  say,  in  the 
afferent  path  from  the  anesthetic  regions  through  which  vasomotor  reac- 
tions in  the  contralateral  hand  can  be  normally  elicited.  Further,  the 
lesion  as  regards  the  vasomotor  path  is  in  all  probability  a  peripheral  one 
involving  mainly  the  afferent  fibers  and  at  a  level  at  any  rate  distal  to 
their  cells  of  reception  in  the  spinal  gray  matter.  The  suggestion  is  that 
the  lesion  in  the  other  afferent  paths  is  also  peripheral,  a  question  of 
diagnosis  left  in  doubt  by  previous  clinical  examinations.  This  supports 
the  diagnosis  of  the  case  as  post-typhoidal  neuritis  of  unusually  long 
duration  and  with  other  unusual  features. 

Perhaps,  roughly  speaking,  we  might  arrange  the  various  paths  as 
regards  the  severity  of  the  peripheral  lesion  as  follows:  1.  Sensory, 
including  tactile  and  thermal  sensation,  pain  and  also  deep  sensibility; 
for  example,  vibratory.  2.  Afferent  vasomotor.  3.  Voluntary  motor.  4. 
Efferent  vasomotor.  It  is  not  implied  that  the  whole  change  is  necessarily 
in  the  peripheral  fibers  nor  is  it  perhaps  probable,  but  only  that  the 
peripheral  fibers  are  mainly  affected.  The  classification  is  purely  func- 
tional. It  is  not  implied,  for  instance,  that  Group  2  is  anatomically  dis- 
tinct from  Group  1.  There  is,  of  course,  no  inherent  improbability  in  the 
supposition  that  the  efferent  and  afferent  portions  of  the  vasomotor  arc 
are  differently  affected.  The  distal  neurons  of  the  two  paths  belong  to 
different  anatomical  systems,  the  efferent  to  the  autonomic,  the  afferent 
to  the  cerebrospinal  system. 
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While  the  changes  in  the  flow  in  one  hand  produced  by  immersing  the 
completely  anesthetic  portion  of  the  contralateral  hand  in  cold  or  warm 
water  are  not  large  in  comparison  with  the  changes  elicited  by  the  applica- 
tion of  heat  or  cold  to  parts  with  good  temperature  sensibility,  they  seem 
sufficiently  definite  to  permit  the  conclusion  that  even  from  a  part  com- 
pletely anesthetic  as  regards  temperature  sensation  (as  well  as  regards 
the  other  forms  of  sensation)  vasomotor  reflexes  can  be  evoked  by  cold  or 
warmth.    Two  explanations  might  be  thought  of : 

1.  The  block  which  conditions  the  anesthesia  is  partially  central,  i.  e., 
somewhere  above  the  entrance  of  the  afferent  fibers  into  the  cord.  In  this 
case  the  afferent  sensory  paths  from  the  anesthetic  areas  need  not  be 
looked  on  as  totally  incapable  of  conduction  of  sensory  impulses  and 
therefore  not  incapable  of  conducting  impulses  which  can  cause  reflex 
vasomotor  effects. 

2.  The  peripheral  block  being  complete  for  sensory  impulses,  it  is  still 
incomplete  for  afferent  vasomotor  impulses.  The  second  condition  might 
depend  (a)  on  the  possibility  of  the  reception  and  conduction  by  the 
nerves  of  skin  sensation  (particularly  in  the  case  we  are  discussing  the 
nerves  which  subserve  the  sensations  of  warmth  and  cold)  of  impulses 
which  can  affect  reflex  vasomotor  centers  even  when  they  are  incapable 
of  receiving  and  conducting  impulses  which  give  rise  to  the  sensations 
in  question,  or  at  least  incapable  of  receiving  and  conducting  them  in 
sufficient  intensity  to  reach  threshold  value;  (b)  on  the  possibility  that 
other  afferent  fibers  than  those  concerned  in  sensation  exist  in  the  periph- 
eral nerves,  through  which  impulses  elicited  by  heat  or  cold  may  pass 
to  vasomotor  centers.  If  such  fibers  exist  there  is  no  reason  why  they 
should  be  involved  in  exactly  the  same  degrees  as  the  sensory  fibers  in  a 
chronic  peripheral  pathological  process  which  is  nothing  if  not  selective. 

That  it  is  not  necessary  to  make  the  assumption  involved  in  explana- 
tion 1  was  shown  by  experiments  on  a  surgical  case  in  which  a  central 
lesion  could  be  positively  excluded.  By  an  injury  to  the  median  nerve  in 
the  forearm,  certain  phalanges  were  rendered  totally  anesthetic  to 
warmth,  cold  and  the  other  forms  of  cutaneous  sensation.  A  small,  but 
distinct,  reflex  vasomotor  effect  on  the  contralateral  hand  was  obtained 
on  imm^ersion  of  the  anesthetic  phalanges  in  warm  or  cold  water.  The 
subject,  a  medical  student,  thoroughly  appreciated  the  object  of  the 
experiment,  and  his  statement  that  during  the  immersion  of  the  anesthetic 
phalanges  no  temperature  sensation  whatever  was  experienced,  can  be 
taken  as  strictly  accurate.  In  this  case  then,  the  afferent  vasomotor  path 
from  the  anesthetic  phalanges  was  already  in  some  degree  permeable 
when  excited  by  heat  or  cold  at  a  time  when  no  thermal  sensation  had 
returned.  As  the  case  had  not  come  under  observation  at  an  earlier  date 
it  is  impossible  to  say  whether  the  degree  of  conductivity  observed  was  a 
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residual  phenomenon  due  to  the  sparing  of  the  path,  or  of  a  portion  of  it, 
in  the  original  lesion,  or  to  recovery.  It  is,  of  course,  conceivable  that 
impulses  which  can  liberate  vasomotor  reflexes  may  be  capable  of  being 
received  by,  and  of  passing  up,  regenerating  nerve  fibers  at  a  much  earlier 
period  than  impulses  which  give  rise  to  sensations.  This  case  is  being 
further  studied  as  regards  the  return  of  function  by  the  subject  himself 
under  the  direction  of  one  of  us  and  will  form  the  basis  of  a  separate  paper. 
The  question  whether  thermal  vasomotor  reflexes  can  be  elicited  from 
deeper  structures  than  the  skin,  from  muscles,  for  example,  whose  afferent 
fibers  when  electrically  stimulated  cause  such  marked  vasomotor  effects, 
has  an  obvious  relation  to  this  subject.  We  have  not  discussed  it  because 
we  do  not  possess  the  data  for  doing  so.  In  any  case  it  is  certain  that  the 
skin,  which  must  bear  the  brunt  of  those  changes  in  the  external  tem- 
perature, the  adaptation  to  which  is  one  of  the  great  offices  of  the  vaso- 
motor mechanism,  must  be  far  more  important  in  this  regard.  We  have 
also  made  no  allusion  to  the  possibility  that  temperature  changes,  due 
either  to  direct  conduction  or  to  the  passage  of  the  blood  from  the  sub- 
merged parts  to  neighboring  parts  not  involved,  or  not  involved  in  an 
equal  degree  in  the  lesion,  may  affect  afferent  nerves  capable  of  liberating 
vasomotor  reflexes,  because  if  such  changes  occurred  they  were  too  slight 
or  too  gradual  to  elicit  sensations  of  cold  or  warmth,  and  it  was  only 
with  temperature  changes  which  did  this  that  we  concerned  ourselves. 


VASOMOTOR   REFLEXES   ELICITED    BY   HEAT   AND    COLD 

FROM  AREAS   DEPRIVED   OF   TEMPERATURE 

SENSIBILITY   BY   A   TRAUMATIC 

LESION  * 

G.    N.    STEWART    and    0.    C.    WALKER,    M.D. 

CLEVELAND 

In  a  pathological  case  already  reported  in  this  journaP  it  was  shown 
that  vasomotor  reflexes,  small  but  definite,  could  be  elicited  by  the  appli- 
cation of  heat  or  cold  to  areas  totally  devoid  of  temperature  sensibility. 
The  present  communication  establishes  the  same  fact,  for  an  otherwise 
normal  subject,  in  whom  anesthesia  of  certain  portions  of  one  hand  had 
been  t;aused  by  accidental  injury  to  the  median  nerve  in  the  fore-arm. 

CASE  EEPOET 

History. — The  subject,  0.  C.  W.,  is  a  healthy  fourth-year  medical  student, 
aged  24.  Se^jtember  15,  1912,  at  9:30  a.  ni.,  he  injured  his  left  arm  by  the  break- 
ing of  a  carboy  full  of  water  which  he  was  carrying.  The  main  wound  was  on  the 
front  of  the  lower  part  of  the  forearm.  In  addition  there  was  a  small  wound  on 
the  dorsal  aspect  of  the  little  finger.  From  the  way  in  Avhich  the  carboy  was 
being  held  the  tendons  in  the  lower  part  of  the  forearm  and  at  the  wrist  were 
on  the  stretch  and  stood  out,  so  that  they  could  easily  be  severed  by  a  relatively 
superficial  wound.  The  bleeding,  so  far  as  could  be  observed,  was  entirely  venous 
and  capillary.  Certainly  no  large  artery  was  cut.  The  hemorrhage  was  con- 
trolled by  the  patient  himself  by  pressure  around  the  wrist  with  the  right  hand 
until  assistance  was  procured.  He  was  taken  to  a  hospital  and  under  gas  anes- 
thesia eight  flexor  tendons  which  were  found  divided  were  sutured,  and  in  addi- 
tion the  tendon  of  the  extensor  digiti  quinti  propius  on  the  dorsum  of  the  little 
finger.  A  eareful  search  was  made  in  the  wound  for  divided  nerves  but  no  large 
nerve  was  found.  The  wound  was  closed  and  a  splint  put  on  the  arm  and  hand. 
The  arm  was  dressed  morning  and  evening  for  the  first  few  days  and  afterward 
each  day,  and  healing  occurred  without  complication. 

During  the  interval  (41/2  hours)  between  the  injury  and  the  operation  the 
patient  was  able  to  make  the  following  observations. 

Motor  CJianges. — Immediately  after  the  accident  it  was  impossible  to  flex  either 
the  thumb  or  the  index  finger  or  any  of  their  phalanges,  but  adduction  and 
abduction  of  the  thumb  and  index  were  not  impaired.  The  middle,  ring  and 
little  fingers  could  be  flexed,  the  deep  tendons  being  intact.  The  hand  could  not 
be  flexed  on  the  wrist.     The  little  finger  could  not  be  extended. 

Sensory  Changes. — The  entire  index  finger  became  numb  immediately.  This 
numbness  later  involved  more  or  less  the  whole  of  the  hand,  but  was  most  marked 
on  the  radial  side  of  the  palmar  aspect. 

The  patient  continued  from  time  to  time  to  make  observations. 

September  20,  1912.  The  numbness,  except  on  the  index  finger,  has  changed 
into  an  intense  burning  and  tingling  sensation  which  involves  the  thumb,  middle 
finger,  radial  side  of  ring  finger  and  the  radial  half  of  the  palm.     The  little  finger 
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and  the  ulnar  half  of  the  palm  are  not  involved  in  this  sensation  and  the  same 
is  true  of  the  dorsal,  ulnar  and  palmar  surfaces  of  the  ring  finger.  The  skin  over 
the  area  involved  in  this  sensation  as  vrell  as  that  over  the  index  finger  is  very 
dry.  The  furrows  of  the  skin  in  this  region  are  noticeably  white.  There  is  some 
swelling  in  the  index  and  middle  fingers. 

September  30,  1912.  The  splint  was  removed  to-day.  The  sensation  of  burning 
and  tingling  remains  the  same  and  is  limited  as  above  described.  It  is  like  the 
pain  of  a  burn  exposed  to  the  air  and  is  worse  at  night.  The  skin  has  the  same 
appearance  as  before  and  is  still  very  dry.  On  the  palmar  surface  of  the  third 
phalanx  of  the  middle  finger  a  small  area  about  1  cm.  in  diameter  can  now  be 
delimited  which  is  very  sensitive  to  light  stroking  (cotton  wool  or  brush).  This 
hypersensitive  spot  was  first  noticed  in  the  latter  part  of  the  first  week.  This 
area  and  the  rest  of  the  phalanx  are  anesthetic  as  regards  pain  (pin  prick), 
deep  pressure,  heat  and  cold.  The  anesthetic  area  (to  touch,  pain,  pressure,  heat 
and  cold)  involves  the  palmar  surface  of  the  thumb,  the  radial  half  of  the  palm, 
the  palmar  surface  of  the  index  and  middle  fingers  and  the  entire  periphery  of 
the  second  and  third  phalanges  of  the  index  and  middle  fingers.  The  radial  side 
of  the  ring  finger  has  a  certain  degree  of  hypesthesia.  The  involved  area  is 
more  or  less  sensitive  to  light  stroking,  the  middle  finger  most,  the  index  finger 
least.  On  the  middle  finger  especially  such  stroking  is  quite  painful  while  hard 
rubbing  c?auses  no  pain.  A  mere  touch  on  the  middle  finger,  especially  the  palmar 
surface,  caused  discomfort,  whereas  prolonged  stroking  or  (light)  rubbing  was 
necessarj'  to  produce  the  same  sensation  on  the  index  finger.  This  hypersensitive 
condition  appeared  about  the  second  week  while  the  splint  was  still  on.  Sensation 
is  normal  on  the  dorsum  of  the  thumb  up  to  and  around  the  nail,  also  on  the 
dorsum  of  the  first  phalanx  of  the  index  and  middle  fingers.  The  sides  of  the 
first  phalanx  of  the  index  and  middle  fingers  are  normal.  The  skin  over  the 
involved  area  is  desquamating.  Motion  of  the  Avhole  hand  and  of  the  fingers  is 
greatly  limited. 

October  10,  1912.  Motion  much  improved.  Sensation  the  same  as  before,  but 
the  painful  sensations  are  less  intense.  The  palm  and  palmar  surface  of  the 
middle  finger  are  not  so  sensitive  to  light  contact  (stroking).  Cannot  localize 
contact.  Cannot  distinguish  pressure  at  two  points.  Thermic  sensation  absent  in 
the  entire  involved  area. 

October  20,  1912.  Motion  better.  Can  flex  all  fingers  into  the  palm.  Deep 
flexor  tendon  to  index  does  not  work,  does  not  flex  the  terminal  phalanx.  Tactile 
sensibility  is  not  appreciably  improved.  Localization  and  discrimination  of  the 
shape,  etc.,  of  a  body  touching  the  skin  are  absent. 

November  10,  1912.     Motion  better.     Otherwise  no  change. 

December  10,  1912.  Skin  over  the  involved  area  not  so  dry.  Obviously  there 
is  now  some  sweat  secretion  but  still  much  less  than  on  the  normal  skin.  Occa- 
sional shooting  pains  starting  about  tlie  wound  and  shooting  to  the  ends  of  the 
index  and  middle  fingers.  On  tapping  liglitly  over  the  scar  a  sensation  similar 
to  that  caused  by  a  weak  electric  shock  is  transmitted  to  the  ends  of  the  index 
and  middle  fingers,  never  transmitted  elsewhere. 

December  19,  1912.  Accidentally  burnt  the  palmar  surface  of  the  terminal 
phalanx  of  the  index  finger.  The  finger  was  in  contact  with  a  radiator  and  the 
patient  was  quite  unconscious  it  was  being  burnt.  A  large  blister  formed  in 
about  an  hour. 

December  20,  1912.  The  blister  was  opened  and  drained  by  puncturing  with 
a  needle  through  healthy  skin  at  the  side.  It  began  to  fill  immediately  and  in 
a  few  minutes  was  as  large  as  before.  It  was  reopened  and  filled  again  very 
quickly  and  this  process  was  repeated  about  fifteen  times  during  the  day. 

December  21,  1912.  The  skin  over  the  blister  was  cut  ofl"  and  the  accumula- 
tion of  liquid  stopped  at  once.  There  was  no  recurrence  of  the  formation  of 
liquid.  No  pain  was  felt  from  the  burn  at  any  time.  It  was  so  deep  as  to 
involve  the  fat  pad.     By  January  7,  1913,  the  burn  was  completely  healed. 
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December  23,  1912.  The  distribution  of  sweat  secretion  and  sensation  was 
carefully  tested  in  the  laboratory. 

Siceat  Secretion. — There  is  no  question  that  the  area  deficient  in  sweat  secre- 
tion is  much  smaller  than  at  first,  or  even  than  a  month  ago.  The  hand  was 
wrapped  in  a  towel  after  being  wiped  dry  and  put  into  a  hot-air  oven.  The  oven 
contained  a  dish  of  water  to  help  to  keep  the  air  moist  and  thus  hinder  evapora- 
tion of  the  sweat.  Sweat  secretion  is  still  small  or  absent  over  an  area  on  the  ball 
of  the  thumb  about  3%  cm.  long  by  2  cm.  broad.  The  edge  of  this  area 
approaches  the  cleft  between  the  thumb  and  index  finger.  On  the  rest  of  the  radial 
portion  of  the  palm  and  on  the  second  and  third  phalanges  of  the  middle  finger, 
where  sweating  was  absent  before,  it  is  now  present  to  a  certain  extent. 

Sensation,  Radial  Half  of  Palm. — The  small  area  on  the  ball  of  the  thumb 
in  which  sweat  secretion  is  absent  is  totally  insensitive  to  light  touch  (with 
blunt  pencil  point,  cotton  wool  or  brush).  To  pressure  it  is  sensitive.  If  a 
blunt  point  is  pressed  down  wuth  more  than  a  certain  amount  of  force  the 
pressure  sensation  goes  on  to  definite  though  delayed  pain  sensation.  This  area 
is  less  sensitive  to  pressure  than  the  rest  of  the  ball  of  the  thumb.  With  a  tube 
containing  water  at  3  C.  no  cold  sensation  on  this  small  area,  but  with  a  chip  of 
ice  a  sensation  of  cold  is  obtained  though  delayed.  No  sensation  of  warmth  with 
a  tube  containing  water  at  45  C,  nor  was  there  any  effect  for  some  distance 
outside  the  boundary.  Hotter  water  (50  C.)  is  felt  as  warm  on  points  just 
outside  although  not  felt  at  all  inside  the  boundary,  whereas  elsewhere  on  the 
palm  it  is  felt  as  hot.  The  rest  of  the  radial  half  of  the  palm  is  sensitive  to 
touch  (light  contact  of  blunt  point,  light  stroking  with  cotton  or  brush),  pressure 
(with  rubber  pad  of  pencil),  pain  (pin-prick),  heat  and  cold  (chip  of  ice). 
While  ice  causes  cold  sensation  everywhere  on  the  palm  of  the  hand  it  is  some- 
what less  marked  on  the  ball  of  the  thumb  and  over  the  radial  half  of  the  palm 
than  over  the  rest  of  the  palm,  rather  a  cool  sensation  than  that  of  ice. 

TJie  thumi  is  sensitive  to  light  touch  but  on  the  palmar  surface  of  the  second 
phalanx,  although  a  tactile  sensation  is  elicited,  the  subject  cannot  tell  anything 
about  the  kind  of  body  touching  him ;  for  example,  whether  it  is  pointed  or  not. 
Pressure  sensation  is  fair  on  the  palmar  surface  of  the  thumb  and  good  on  the 
dorsum.  Ice  gives  no  sensation  of  cold  on  the  palmar  surface  of  the  second 
phalanx;  elsewhere  the  normal  sensation.  The  pin-prick,  which  elsewhere  on  the 
thumb  causes  pain,  elicits  only  the  sensation  of  contact  on  the  palmar  surface 
of  the  second  phalanx. 

The  little  finger  is  normal.  The  more  detailed  examination  of  the  remaining 
three  fingers  follows. 

Light  Touch. — Index  Finger,  Palmar  Surface. — On  the  second  and  third 
phalanges  no  sensation  to  simple  touch  but  some  sensation  to  pressure,  not  going 
on  to  pain  even  with  strong  pressure  with  a  blunt  point.  On  the  first  phalanx 
touch  is  felt  but  the  shape  of  the  object  is  not  discriminated.  Dorsal  Surface. — 
Third  phalanx  only  slight  sensation  of  touch  without  discrimination  of  nature 
of  object.  Second  phalanx  much  better  touch  sensation.  First  phalanx  normal. 
Ulnar  Surface. — Third  phalanx  no  tactile  sensation.  Second  phalanx  fair,  third 
normal.  Radial  surface. — Third  phalanx  poor  tactile  sensation,  second '  pretty 
good,  first  normal. 

Middle  Finger. — Hyperesthetic  to  light  touch  on  palmar  aspect,  elsewhere 
much  the  same  as  the  index. 

Light  stroking  with  cotton  wool  or  brush  shows  much  the  same  distribution 
of  anesthesia  over  the  whole  involved  area  as  in  the  other  tests. 

Cold. — Index,  Palmar  Surface. — Second  and  third  phalanges  no  cold  sensation 
to  ice.  First  phalanx,  little  if  any  cold  sensation,  perhaps  a  slight  sensation 
after  a  long  applic?ation  of  the  ice.  Dorsal  and  Radial  Surfaces. — Second  and 
third  phalanges  no  cold  sensation.  First  phalanx  normal.  Ulnar  Surface. — 
Second  and  third  phalanges,  no  cold  sensation.  First  phalanx,  cold  sensation 
but  delaved. 
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Middle  Finger,  Palmar  Surface. — Xo  cold  sensation  on  any  of  the  phalanges, 
but  the  contact  of  ice  gave  a  sensation  of  touch  on  all.  Dorsal,  Radial  and  Ulnar 
Surfaces. — Second  and  third  phalanges,  no  cold  sensation;   first  phalanx  normal. 

Ring  Finger. — Palmar,  dorsal  and  ulnar  surfaces  normal.  Radial  Surface. — 
First  and  third  phalanges  normal;  a  small  area  about  5  mm.  distal  to  the  joint 
between  the  first  and  second  phalanges  on  the  radial  side  and  overlapping  the 
dorsal  surface  of  the  second  plialanx  either  gives  no  cold  sensation  with  ice  or 
the  sensation  is  markedly  delayed. 

The  application  of  a  point  of  ice  to  the  point  on  the  scar  in  the  forearm, 
mechanical  stimulation  (tapping)  of  which  gives  a  sensation  like  a  weak  electric 
shock  running  down  to  the  index  and  middle  fingers  causes  no  effect  except  a 
local  sensation  of  cold  over  the  point  touched.  On  no  part  of  the  anesthetic  area 
is  anything  except  a  local  sensation  of  cold  obtained  on  contact  with  ice.  No 
"peripheral  reference"  of  cold-  could  be  demonstrated  at  this  stage  at  any  part  of 
the  anesthetic  area. 

Warmth  (tvarm  tube). — Index  Finger,  Palmar  Surface. — Xo  sensation  of 
warmth  on  any  phalanx.  Sensation  of  contact  on  first  phalanx.  Dorsal  Surface. — 
Warmth  felt  on  first  phalanx,  nothing  on  second  and  third. 

Middle  Finger. — The  same  portions  are  sensitive  to  warmth  as  to  cold  and 
in  about  the  same  degree. 

Ring  Finger. — Normal  except  the  small  area  on  the  second  phalanx  which  was 
insensitive  to  ice.  This  area  gives  the  sensation  of  warmth  with  a  tube  which 
elsewhere  gives  a  hot  sensation. 

Pain  (pin-prick). — Index  Finger,  Palmar  Surface. — Only  sensation  of  contact 
is  given  on  first  phalanx  except  with  considerable  pressure,  when  pain  is  elicited. 
Second  and  third  phalanges  give  only  sensation  of  contact  to  pin-prick  and  heavy 
pressure  is  required  to  elicit  even  this.  No  discrimination  of  the  nature  of  the 
object.  Dorsal  Surface. — First  phalanx  normal.  Second  phalanx  greater  pressure 
of  the  pin  needed  to  give  pain  than  on  normal  skin.  Third  phalanx  no  pain,  even 
with  considerable  pressure;  only  an  indefinite  contact  sensation. 

Middle  Finger,  Palmar  Surface. — All  the  phalanges  are  hyperesthetic.  A 
pin-prick  gives  definite  pain,  much  more  intense  than  on  the  rest  of  the  skin. 
Second  and  third  phalanges  are  more  sensitive  than  the  first.  Light  contact  or 
a  light  prick  gives  most  pain.  Pressing  or  rubbing  hard  with  a  flat  surface 
does  not  give  pain,  nor  does  pinching.  Light  stroking  gives  a  sensation  of 
exaggerated  tickling  which  is  almost  pain. 

Ring  Finger. — Normal  to  pin-prick  except  the  small  area  which  is  abnormal 
to  temperature  sensation.  On  this  area  a  pin-prick  gives  sensation  of  contact 
and  not  of  pain. 

Pressure  (imth  ruhher  pad  of  pencil). — Index,  Palmar  Surface. — First  pha- 
lanx, fair  sensation,  diminishing  on  second  phalanx  toward  third  phalanx.  Dorsal 
Surface. — First  phalanx  normal.  On  third  phalanx  pressure  sensation  is  barely 
obtainable.     Second  phalanx  intermediate. 

.Middle  Finger,  Palmar  Surface. — Good  pressure  sensation  on  all  phalanges 
but  accompanied  with  tingling.  Dorsal  Surface. — First  phalanx  normal.  Second 
phalaiTX  fair  sensation,  and  better  than  on  second  phalanx  of  index  finger.  Third 
phalanx  about  the  same  as  second  phalanx  of  index  finger;  on  increasing  the 
pressure  the  pressure  sensation  goes  on  to  pain,  which  is  not  the  case  on  the 
second  and  third  phalanges  of  the  index  finger. 

Ring  Finger. — Normal  everywhere. 

January  21,  1913.  Light  touch  (stroking  with  brush)  is  felt  over  the  whole 
of  the  involved  area  but  only  slightly  on  the  second  and  third  phalanges  of  the 
index  finger.  On  the  palmar  surface  of  the  middle  finger  the  sensation  is  one  of 
exaggerated  tickling.  No  area  can  now  be  found  on  the  ball  of  the  thumb 
which  is  insensitive  to  contact  (brush  or  blunt  pencil  point).  The  radial  portion 
of  the  palm  is  moist  althrough  dryer  than  the  rest  of  the  palm. 

2.  Trotter  and  Davies:     .Jour.  Physiol.,  1909,  xxxviii,  178. 
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January  24,  1913.  Peripheral  reference  of  cold  cannot  be  obtained.  Sensa- 
tion of  cold  over  the  scar  is  delayed. 

The  subject  came  under  observation  of  the  senior  author  for  the  first 
time,  a  month  after  receiving  the  injury.  The  first  blood-fiow  examina- 
tion was  made  Oct.  15,  1912. 

October  15,  1912.  The  blood  flow  and  vasomotor  reflexes  of  the  hands  were 
examined  after  the  subject's  day's  work  as  a  medical  student.  Pulse  112  (sit- 
ting). Hands  in  bath  at  4:12  p.  ra.  Hands  in  calorimeters  at  4:35  p.  m.  The 
hands  were  kept  in  the  bath  for  a  longer  time  than  usual  owing  to  accidental 


TABLE  1. — Calorimeteic  Tests  of  Blood-Flow  in  Hands  of  0.  C.  W. 


Time. 
4:34 
4:36 
4:37 
4:38 
4:39 
4:40 
4:41 
4:42 
4:43 
4:44 

Time. 

4:54 

4:55 

4:56 

4:57 

4:58 

4:59 

5:00 

5:01 

5:02 

5:03 

5:04 

5:05 

5:06 

5:07 

5:08 

5:09 

5:10 

5:11 

5:12 

5.13 

5:14 


L. 
31.10 
31.10 
31.12 
31.15 
31.19 
31.22 
31.26 
31.31 
31.34 
31.39 

Notes. 
Eoom  22.9  C. 


Room  23.1  C. 
Eoom  23.1  C. 


Notes. 


Room  22.6  C. 
Room  22.6  C. 
Room   22.5   C. 


Room  23.0  C. 

At  5:02  anesthetic  phalan- 
ges immersed  in  water  at 
43.4  C. 


At  5:10  whole  left  hand  put 
into-  water  at  42.6  C. 
Room  23.3  C. 


L. 
31.43 
31.46 
31.495 
31.52 
31.53 
31.55 
31.56 
31.57 
31.585 


Notes. 
Room   22.8 


Room  22.9  C. 


Room 

t  * 

Notes. 


R. 
31.02 
31.02 
31.04 
31.07 
31.10 
31.13 
31.20 
31.25 
31.31 
31.38 

R. 
31.595 
31.61 
31.65 
31.69 
31.71 
31.73 
31.785 
31.81 
31.825 
31.845 
31.89 
31.91 
31.96 
32.01 
32.08 
32.11 
32.16 
32.18 
32.22 
42,265 
32.29 

t  At  4:53  the  anesthetic  phalanges  of  left  hand  immersed  in  water  at  8.2  C. 

*  The  hands  were  cautiously  immersed  so  that  the  subject  should  not  feel  the 
cold  water,  the  hand  and  wrist  being  kept  from  contact  with  the  vessel  by  a  towel. 
On  their  first  introduction  into  the  cold  water  the  anesthetic  phalanges  were 
immersed  for  a  moment  rather  too  deeply,  so  that  he  felt  what  he  termed  a 
suspicion  of  cold.  The  fingers  were  at  once  withdrawn  a  little  and  thereafter 
he  had  no  sensation  of  cold  whatever. 

delay  in  the  preparations:  3,015  c.c.  of  water  in  each  calorimeter.  Volume  of 
right  hand  447  c.c,  of  left  436  c.c.  Rectal  temperature  37.15  C.  Height  5  feet, 
7^2  inches.     Weight  146  pounds.     Came  in  from  street  not  wearing  gloves. 

In  this  experiment  immersion  of  the  anesthetic  phalanges  of  the  left 

hand  in  cold  water  caused  a  definite  though  transient  diminution  of  the 

flow  in  the  right  hand  (from  7.39  to  3.82  grams  per  100  c.c.  per  minute) 

for  the  first  two  minutes  of  immersion.     For  the  next  seven  minutes 


Time. 
4:45 
4:46 
4:47 
4:48 
4:49 
4:50 
4:51 
4:52 
4:53 

Time. 
5:15 
5:16 
5:17 
5:18 

5:19 
5:20 
5:21 
5:22 
5:23 
5:24 
5:25 
5:26 

5:38 


R. 

31.42 

31.46 

31.495 

31.52 

31.535 

31.56 

31.56 

31.585 

31.595 

R. 
32.335 
32.395 
32.45 
32.48 

32.495 

32.505 

32.535 

32.57 

32.59 

32.60 

32.61 

32.625 

32.46 


22.9   C. 


At  5:18  whole  left  hand  put 

into  cold  water. 
Room  23.4  C. 

Felt  the  cold  water  sharply 
at  first  but  is  now  getting 
used  to  it. 

Room  23.35  C. 

Hands  out  of  calorimeter  at 

5:26. 
Temp,  of  L.  is  now  31.04  C. 
Cooling  of  R.  0.165   degrees 

in  12  minutes. 
Cooling  of  L.  0.545  degrees 

in  45  minutes.   , 
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Time. 

2:24 

2:25 

2:26 

2:27 

2:28 

2:29 

2:30 

2:31 

2:32 

2:33 

2:34 

2:35 

2:36 

2:37 

2:39 

2:39 

2:40 

2:41 

2:42 

2:43 

2:44 

2:45 

2:46 

2:47 


;48 
;49 
;50 
:51 
:52 
:53 


while  the  anesthetic  phalanges  continued  in  the  cold  water  the  flow 
increased  to  7.58  grams.  For  the  whole  nine  minutes  the  flow  was 
diminished  from  7.39  to  6.75  grams  per  100  c.c.  of  hand  per  minute. 
The  initial  flow  in  the  left  hand  was  somewhat  less  than  that  in  the  right 
(6.83  grams  per  100  c.c.  per  minute).  A  considerable  and  more  persist- 
ant increase  in  flow  followed  the  immersion  of  the  anesthetic  phalanges 


CABLE  2.— CALORiiiETRic  Tests  of  Blood-Flow  in  Hands  of  0.  C. 


W. 


E. 

30.93 
30.89 
30.93 
30.99 
31.06 
31.12 
31.195 


R. 
31.46 
31.48 
31.515 
31.55 
31.59 
31.63 
31.69 
31.73 
31.78 
31.805 
31.825 
31.85 
31.89 
31.92 
31.96 
31.99 
32.04 
32.08 
32.115 
32.16 
32.195 
32.32 
32.265 
32.30 
32.355 
32.395 
32.44 
32.51 
32.57 
32.61 


L. 
30.90 
30.93 
30.99 
31.04 
31.10 
31.16 
31.205 


Notes. 
Room  23.1   C. 

Room  23.  3  C. 

Room   23.3    C. 

Room   23.3   C. 


Notes. 


Room  23.3 

Room  23.3 

Room  23.2 
Room  23.3 


C. 

C. 
C. 


Room  23.3  C. 

At   2:33   anesthetic   phalan- 
put     into     water     at 


ges 
43.5 


C. 


Time. 
2:19 
2:20 
2:21 
2:22 
2:23 


R. 

31.265 

31.31 

31.36 

31.40 

31.44 


L. 

31.265 

31.31 

31.34 

31.39 

31.41 


Notes. 
Room  23.3 


C. 


C. 

c. 

anes- 


Room   23.2 

Room   23.3 

At  2:23 
thetic  phalanges 
put  into  water 
at  8  C. 


Room  23.4  C. 

Room  23.4  C. 

Room  23.3  C. 

At  2:44  whole  left  hand  put 

in  water  at  43  C.     Room 

23.3    C. 

Room  23.3  C. 
Room  23.3  C. 
Room  23.3  C. 


Time. 

R. 

Notes. 

2:54 

32.67 

2:55 

32.705 

At  2:55  whole  left  hand  put 
in  water  at  8  C. 

2:56 

32.74 

Room  23.1  C. 

2:57 

32.775 

2:58 

32.795 

2:59 

32.825 

3:00 

32.85 

3:01 

32.875 

Room  23.3  C. 

3:02 

32.895 

3:03 

32.895 

3:04 

32.90 

At  3:04  dried  and  wrapped 

3:05 

32.91 

left  hand  in  warm  cloth. 

3:06 

32.925 

Room  23.3  C. 

3:07 

32.935 

Room  23.1  C.     He  says  the 

3:08 

32.955 

left  hand  feels  warm. 

3:09 

32.97 

3:10 

32.975 

3:11 

32.975 

Room  23.3  C. 

3:12 

33.02 

Hand   removed   from   calori- 

3:28 


32.86 


meter  at  3:12. 
Temp,  of  L.  is  now  30.695  C. 
Cooling  of  R.  0.16  degrees  in 

16  minutes. 
Cooling  of  L.  0.715  degrees 

in  G5  minutes. 
Vol.  of  right  hand  431  c.c. 
Vol.  of  left  hand  407  c.c. 
Rectal  temperature  37.05  C. 


in  the  warm  water  (from  7.58  to  10.58  grams  per  100  c.c.  of  hand  per 
minute  for  a  period  of  eight  minutes) .  When  the  whole  left  hand  was 
now  immersed  in  the  warm  water  some  further  increase  in  the  flow  of 
the  right  hand  (to  11.14  grams  per  100  c.c.  per  minute  for  a  period  of 
eight  minutes)  ensued,  and  this  was  promptly  cut  down  to  7.24  grams 
when  the  whole  left  hand  was  immersed  in  the  cold  water.  Not  only  was 
the  diminution  greater  when  the  whole  hand  was  immersed,  but  it  was 


c>^  * 
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Description  of  Fijiure  1.— Fiiiyer  plftliy.sni.-yiapli  tracings.  'JIu'  tracings  are 
to  be  read  from  left  to  right.  The  periods  of  immersion  of  the  parts  to  whicli 
cold  or  warm  water  was  applied  are  indicated  by  the  vertical  linos  ilrawn  through 
the  ciiives.  The  signal  tiace  Avhich  marked  the  moment  of  immersion  and  with- 
drawal has  been  omitted.     Time   is  marked   in   seconds. 

1.  Right  middle  tinger  of  S.,  a  normal  man,  in  plethysmograph.  Left  hand 
in  cold  water  (8  C.)  for  the  period  comprised  by  the  vertical  lines  drawn  througli 
the  curve.     The  shrinking  of  the  finger    (fall  of  the  curve)    is  evident. 

5.  Right  middle  finger  of  W.  in  plethysmograph.  Whole  left  hand  in  cold 
water    (80.). 

7.  Right  middle  tinger  of  W.  in  plethysmograph.  The  anesthetic  phalanges  of 
left  hand  in  cold  water   (8  C). 

!».  Right  middle  tinger  of  S.  in  plethysmograph.  Distal  half  of  left  hand  in 
cold  water   (8  C. ). 

21.  Right  middle  finger  of  W.  in  plethysmograph.  Anesthetic  phalanges  of 
left  hand  in  warm  water   (45  C). 

23.  Right  middle  tinger  of  W.  in  plethysmograph.  Second  and  third  phalanges 
of  ring,  and  third  phalanx  of  little  linger  of  left  hand  in  warm  water  (45  C). 

3.3.  Right  middle  tinger  of  W.  in  plethysmograph.  The  anesthetic  phalanges 
of  left  hand  in  cold  water   (8  C. )  • 

38.  Right  index  finger  of  W.  in  plethysmograph.  Anesthetic  phalanges  of 
left  hand  in  warm  water   (43  C.). 

40.  Right  index  tinger  of  W.  in  plethysmograph.  Second  and  third  phalanges 
of  ring  finger  and  third  phalanx  of  little  linger  of  left  hand  in  warm  water  (43  C). 

47.  Second  and  third  phalanges  of  left  index  finger  of  W.  in  plethysmograph. 
Whole  right  hand  in  cold  water    (6.5  C). 

1-a.  Right  middle  finger  of  W.  in  plethysmograph.  The  anesthetic  phalanges 
of  left  hand  in  cold  water  (6.9  C).    This  was  the  first  immersion  of  the  phalanges. 
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also  more  persistent  than  when  the  anesthetic  phalanges  alone  were 

exposed  to  the  cold  water. 

After  an  interval  of  two  months  another  examination  was  made. 

December  19,  1912.  Tested  thermal  sensibility  of  left  hand  before  the  experi- 
ment. Xo  sensation  to  immersion  in  warm  or  cold  water  on  middle  finger,  at 
least  up  to  the  upper  third  of  the  second  phalanx.     On  the  index  finger  no  sensa- 

TABLE  3. — Experiment  3  with  Eight  Hand  in  Calokimeteb. 

December  21,  1912.     Eight  hand  put  into  bath  at  Hi  18  a.  m.     Left  hand  in 
At  11:281/^  right  hand  put  into  calorimeter. 


air.     Pulse  104   (sitting).     At  11:281/3 

Time. 

E. 

Notes. 

11:28 

30.60 

11:29 

30.53 

Eoom  22.7  C. 

11:30 

30.54 

Eoom  22.9  C. 

11:31 

30.57 

11:32 

30.625 

Eoom  22.9  C. 

11:33 

30.69 

11:34 

30.75 

Eoom  22.9  C. 

11:35 

30.795 

11:36 

30.855 

11:37 

30.91 

11:38 

30.97 

Eoom  22.9  C. 

11:39 

31.02 

11:40 

31.07 

At  11:40  anesthetic  phalan- 
ges put  in  water  at  8.1  C. 
No  sensation. 

11:41 

31.095 

Eoom  22.9  C. 

11:42 

31.12 

11:43 

31.165 

Eoom  23  C. 

11:44 

31.205 

11:45 

31.25 

Eoom  22.8  C. 

11:46 

31.305 

11:47 

31.365 

Eoom  22.8  C. 

11:48 

31.42 

11:49 

31.49 

11:50 

31.53 

At  11:50  anesthetic  phalan- 

11:51 

31.55 

ges  put  in  water  at  42.8  C. 

11:52 

31.59 

Eoom  22.6  C. 

11:53 

31.62 

11:54 

31.675 

Eoom  22.6  C. 

11:55 

31.73 

Eoom  22.5  C. 

11:56 

31.77 

11:57 

31.81 

Eoom  22.5  C. 

11:58 

31.8/ 

11:59 

31.915 

12:00 

31.965 

At  12:00,  7  phalanges  of  left 

12:01 

31.995 

hand  put  in  water  at  42  C. 

12:02 

32.02 

Eoom  22.7  C. 

12:03 

32.06 

Eoom  22.8  C. 

Time. 


E. 


Notes. 


12:04 

32.10 

12:05 

32.155 

12:06 

32.20 

12:07 

32.26 

Eoom  23  C. 

12:08 

32.25 

12:09 

32.32 

Eoom  23.1   C. 

12:10 

32.35 

12:11 

32.39 

12:12 

32.43 

Eoom  23.1  C.     At  12:12  the 

12:13 

32.46 

7  phalanges  put  in  water 

12:14 

32.48 

at  8.2  C. 

12:15 

32.51 

Eoom  23.2  C. 

12:16 

32.535 

12:17 

32.56 

Eoom  23.35  C. 

12:18 

32.585 

12:19 

32.605 

12:20 

32.63 

Eoom  23.3  C. 

12:21 

32.655 

At    12:21    whole    left   hand 

12:22 

32.68 

put  in  water  at  43  C. 

12:23 

32.705 

Eoom  23.4  C. 

12:24 

32.74 

12:25 

32.78 

12:26 

32.82 

12:27 

32.86 

Eoom  23.3  C. 

12:28 

32.90 

12:29 

32.945 

Eoom  23.2  C. 

12:30 

33.02 

Hand  out  of  calorimeter  at 

12:44 

32.86 

12:30. 

Cooling  of  calorimeter  E  0.16 
degrees  in  14  minutes. 

Cooling  of  control  calori- 
meter ( without  hand ) 
from  30.53  to  29.76  de- 
grees, or  0.77  degrees  in 
71  minutes. 

Eectal  temperature  37  C. 

Vol.  of  right  hand  431  c.c. 


tion  on  immersion  at  least  up  to  a  level  well  above  the  second  interphalangeal 
joint.  A  perfectly  safe  level  of  immersion  was  thus  determined  beforehand.  An 
hour  before  he  had  burned  the  flexor-  surface  of  the  third  phalanx  of  the  index 
finger  on  a  radiator  without  knowing  it  and  there  was  a  blister  on  it.  He  washed 
his  hands  in  warm  water  before  they  were  put  into  the  bath  at  2  p.  m.  Pulse  104 
(sitting).  Hands  in  calorimeter  at  2:12.  In  testing,  the  anesthetic  phalanges 
were  passed  through  a  hole  in  a  thick  plate  of  cork  to  avoid  contact  of  sensitive 
skin  with  the  vessel  or  water. 

In  the  experiment  of  December  19  the  flow  for  ten  minutes  before  the 

vasomotor  reflex  was  tested  was  10.63  grams  per  100  c.c.  per  minute  for 
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the  right  hand  and  10.23  grams  for  the  left.  For  the  first  two  minutes 
of  immersion  of  the  anesthetic  phalanges  of  the  left  hand  in  cold  water 
the  flow  in  the  right  hand  sank  to  5.21  grams,  rising  again  to  9.15  grams 
per  100  c.c.  per  minute  for  the  remaining  eight  minutes  during  which 
the  anesthetic  phalanges  continued  in  the  cold  water.  On  transferring 
the  anesthetic  phalanges  to  warm  water  the  flow  in  the  right  hand 
diminished  for  the  first  four  minutes  to  7.80  grams  per  100  c.c.  per 
minute,  to  increase  again  to  9.45  grams  for  the  remaining  seven  minutes 
of  the  period  of  immersion.    When  the  whole  left  hand  was  immersed  in 


TABLE  4. — SuiiMARY  or  Blood- 


Vol.  of 

Jeat  given  off 

, Temp.  C.  0 

Hands,  c.c. 

small  cals.) 

Date. 

Room. 

R. 

L.       Art.  Blood. 

R.           L. 

R. 

L.     In  mins 

Oct.    15 

22.6 

31.32 

31.35         36.65 

447         436 

2537 

2273         16 

22.8 

31.61 

155 

2 

22.9 

31.72 

1053 

7 

23.0 

31.87 

431 

3 

23.1 

32.04 

1157 

....            5 

32.2 

32.23 

638 

4 

23.2 

32.39 

915 

4 

23.3 

32.55 

956 

8 

Dec.    19 

23.3 

31.17 

31.17         36.55 

431         407 

2219 

2018         10 

23.3 

31.46 

206 

2 

23.3 

31.64 

1394 

8 

23.3 

31.87 

567 

4 

23.35 

32.06 

1153 

....           7 

23.3 

32.25 

464 

3 

23.3 

32.50 

1669 

8 

23.2 

32.81 

1032 

9 

23.25 

33.01 

1032 

8 

Dec.   21 

22.9 

30.82 

36.50 

431 

2012 

9 

22.9 

31.10 

242 

2 

22.9 

31.33 

1684 

8 

22.6 

31.58 

416 

3 

22.5 

31.79 

1448 

7 

22.7 

31.99 

263 

2 

22.95 

32.23 

1782 

10 

23.25 

32.54 

1110 

9 

23.35 

32.70 

440 

3 

23.25 

32.98 

1160 

6 

the  warm  water  the  flow  in  the  right  hand  for  the  first  three  minutes 
was  9.27  grams,  which  increased  to  13.27  grams  per  100  c.c.  per  minute 
for  the  remaining  eight  minutes  of  the  period.  The  whole  left  hand  was 
then  put  into  cold  water  and  the  flow  in  the  right  sank  to  7.90  grams  per 
100  c.c.  per  minute  during  the  nine  minutes  of  immersion,  to  rise  again 
to  9.39  grams  (over  a  period  of  eight  minutes)  when  the  left  hand  was 
dried  and  wrapped  up. 

In  both  of  the  above  experiments  the  two  hands  were  originally  in  the 
calorimeters.  In  order  to  test  the  effect  of  the  immersion  on  the  anes- 
thetic phalanges  alone,  the  left  hand  had  to  be  taken  out  and  dried. 
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Although  the  drying  was  carefully  done,  it  might  be  objected  that  the 
effect  on  the  flow  in  the  right  hand  following  the  first  immersion  of  the 
anesthetic  phalanges  was  really  due  to  stimulation  of  the  temperature 
nerves  in  the  normal  portions  of  the  still  moist  left  hand.  Of  course,  this 
possibility  could  only  apply  to  the  first  immersion  of  the  anesthetic 
phalanges  and  not  to  succeeding  immersions.  Yet  it  was  considered 
desirable  to  eliminate  it  and  this  was  done  in  the  experiment  of  Dec.  21, 
1913,  in  which  only  the  right  hand  was  put  into  a  calorimeter,  the  left 
being  kept  drj^  until  the  moment  for  immersion  of  the  anesthetic  phal- 


Flow  Observations  on  0.  C.  W. 


Flow  in 

Hands 

Flow  per 

100  c.c 

per 

mm. 

per  mm. 

K. 

L. 

R. 

L. 

33.05 

29.78 

7.39 

6.83 

17.08 

3.82 

33.90 

7.58 

33.39 

7.24 

55.77 

12.47 

40.09 

8.96 

59.66 

13.34 

32.38 

7.24 

45.82 

41.67 

10.63 

10.23 

22.48 

5.21 

39.43 

9.15 

33.65 

7.80 

40.76 

9.45 

39.96 

9.27 

57.23 

13.27 

34.06 

7.90 

40.49 

9.39 

43.73 

10.14 

24.89 

5.77 

45.26 

10.50 

31.31 

7.28 

48.79 

11.32 

32.39 

7.51 

46.37 

10.75 

34.60 

8.02 

43.27 

10.04 

61.02 

14.15 

Notes. 
Before  vasomotor  reflex  tests. 
Anesthetic  phals.  in  cold  water  (first  2  mins. ). 
Anesthetic  phals.  in  cold  water  (next  7  mins.). 
Anesthetic  phals.  in  warm  water  (first  3  mins.). 
Anesthetic  phals.  in  warm  water  (next  5  mins.), 
Whole  left  hand  in  warm  water  (first  4  mins.). 
Whole  left  hand  in  warm  water  (next  4  mins.), 
Whole  left  hand  in  cold  water 

Before  vasomotor  reflex  tested. 
Anesthetic  phals.  in  cold  water  (first  2  mins.) 
Anesthetic  phals.  in  cold  water  (next  8  mins.) 
Anesthetic  phals.  in  warm  water  (first  4  mins.) 
Anesthetic  phals  in  warm  water  (next  7  mins.) 
Whole  left  hand  in  warm  water  (first  3  mins.) 
Whole  left  hand  in  warm  water   (next  8  mins.) 

Whole  left  hand  in  warm  water  (first  3  mins.). 

Whole  left  hand  dried  and  wrapped  up. 

Before  vasomotor  tests. 

Anesthetic  phals.  in  cold  water  (first  2  mins.) 
Anesthetic  phals.  in  cold  water  (next  8  mins.) 
Anesthetic  phals.  in  warm  water  (first  3  mins.) 
Anesthetic  phals.  in  warm  water  (next  7  mins.) 
7  phals.  left  hand  in  warm  water  (1st  2  mins.) 
7  phals.  left  hand  in  warm  water  (next  10  min. ) 
7  phals.  of  left  hand  in  cold  'water. 
Whole  left  hand  in  cold  water. 
Whole  left  hand  in  warm  water  (next  6  mins.) 


anges.  As  in  the  previous  experiment,  a  sheet  of  thick  cork  with  a  hole 
through  M^hich  the  anesthetic  phalanges  passed  prevented  any  contact  of 
the  rest  of  the  hand  with  the  cold  or  warm  water  or  the  container. 

It  will  be  seen  that  the  results  are  precisely  the  same  as  in  the  other 
experiments.  For  nine  minutes  before  testing  the  vasomotor  reflex  the 
flow  in  the  right  hand  comes  out  10.14  grams  per  100  c.c.  per  minute. 
For  the  first  two  minutes  of  immersion  of  the  anesthetic  phalanges  of 
the  left  hand  in  cold  water,  the  flow  in  the  right  sinks  to  5.77  grams,  to 
increase  to  10.50  grams  per  100  c.c.  per  minute  for  the  remaining  eight 
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minutes  of  immersion.  When  the  anesthetic  phalanges  were  now 
immersed  in  warm  water  (the  change  from  the  cold  to  the  warm  water 
was  made  instantaneously  without  taking  the  phalanges  out  of  the  cork) 
the  flow  diminished  for  the  first  three  minutes  to  7.28  grams,  to  increase 
to  11.23  grams  per  100  c.c.  per  minute  for  the  remaining  seven  minutes 
of  the  period  of  immersion.  Immersion  in  warm  water  of  seven  pha- 
langes (second  and  third  of  index,  middle  and  ring,  and  third  of  little 
finger)  of  the  left  hand,  including  the  anesthetic  phalanges,  caused  now 
a  diminution  of  the  flow  in  the  right  hand  for  the  first  two  minutes  to 
7.51  grams  per  100  c.c.  per  minute.  For  the  remainder  of  the  period 
during  which  these  phalanges  continued  in  the  warm  water  (ten  minutes) 
the  flow  rose  to  10.75  grams  per  100  c.c.  per  minute.  For  nine  minutes 
during  the  immersion  of  these  phalanges  in  cold  water  the  flow  in  the 
right  hand  declined  to  8.02  grams,  a  more  persistent  diminution  than 
was  caused  by  immersion  of  the  anesthetic  phalanges  alone.  When  the 
whole  left  hand  was  subsequently  put  into  warm  water,  an  increase 
ensued  in  the  flow  in  the  right  hand  to  10.04:  grams  per  100  c.c.  per 
minute  for  the  first  three  minutes  and  14.15  grams  for  the  remaining 
six  minutes  of  immersion,  the  greatest  flow  witnessed  throughout  the 
observation  on  this  ease. 

In  all  three  experiments,  then,  a  change  is  produced  in  the  blood-flow 
in  the  right  hand  when  a  portion  of  the  left  hand,  totally  insensitive  to 
warmth  or  cold  (as  well  as  to  other  forms  of  sensation),  is  immersed  in 
warm  or  cold  water.  Although  the  effect  is  smaller  and  more  transient 
than  that  produced  by  immersion  of  the  sensitive  portions  of  the  left 
hand,  it  is  too  definite  to  be  attributed  to  accidental  changes  in  the 
circulation. 

The  question  has  already  been  raised  in  discussing  a  similar  reaction 
elicited  from  parts  totally  devoid  of  temperature  sensibility  in  a  path- 
ological case,^  whether  afferent  impulses  capable  of  affecting  vasomotor 
centers  can  be  conducted  by  the  nerves  of  warmth  and  cold  sensation 
when  they  are  unable  to  conduct  impulses,  at  least  in  sufficient  intensity, 
which  give  rise  to  temperature  sensations,  or  whether  the  reactions  are 
elicited  through  nerves,  for  example,  those  supplying  the  deeper  struc- 
tures, which  can  be  excited  by  abrupt  variations  of  temperature,  although 
no  result  is  produced  in  consciousness,  and  which  can  act  as  the  afferent 
link  in  the  vasomotor  reflex  arc.  The  possibility  also  presented  itself 
that  the  blood  in  the  anesthetic  phalanges  was  sufficiently  cooled  or 
heated  during  the  immersion  to  cause  excitation  of  nerve  endings  in  parts 
above  the  level  of  the  anesthesia.  In  regard  to  this  last  possibility  it 
must  be  remarked  that  since  no  sensation  of  heat  or  cold  was  experienced 
in  such  neighboring  parts,  the  suggestion  is  really  included  in  the  ques- 
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tion  as  already  stated.  In  the  hope  of  throwing  some  light  on  this  ques- 
tion plethysmographic  observations  were  made  with  a  view  of  determin- 
ing the  latent  period  of  the  contralateral  reflex  elicited  from  the  anes- 
thetic phalanges.  A  finger  plethysmograph  was  adjusted  on  the  opposite 
hand.  The  moment  of  immersion  of  the  anesthetic  phalanges  was  written 
above  the  plethysmogram  by  an  electromagnetic  signal.  It  was  foreseen 
that  unless  this  latent  period  should  turn  out  to  be  markedly  lengthened 
no  deductions  could  be  drawn  as  to  whether  conduction  of  heat  to  or 
from  a  deeper  layer  than  usual  or  convection  of  heat  in  the  blood  to 
neighboring  parts  was  essential.  For  we  neither  know  how  rapidly  heat 
would  be  conducted  through  a  finger  with  the  circulation  going  on,  nor 
how  great  a  change  of  temperature  would  be  necessary  to  excite  nerves 
which  gave  no  sign  by  a  sensation  of  temperature  when  the  threshold  had 
been  reached.  As  a  matter  of  fact,  the  latent  period  turned  out  to  be 
quite  small  and  not  measurably  greater  than  when  the  reaction  was 
elicited  from  normal  skin  (Fig.  1).  The  description  of  the  figure  suffi- 
ciently elucidates  the  results.  It  is,  however,  worthy  of  special  remark 
that  when  the  second  and  third  phalanges  of  the  index  finger  of  the  left 
hand  were  enclosed  in  the  plethysmograph  no  vasomotor  reflex  could  be 
elicited  from  the  right  hand,  even  when  the  whole  of  that  hand  was 
imm.ersed  in  warm  or  cold  water.  The  meaning  of  this  can  only  be  that 
the  efferent  vasomotor  fibers  going  to  the  index  finger  or  their  endings 
have  not  yet  regenerated  to  the  point  at  which  they  can  conduct  effective 
impulses.  It  is  entirely  in  accordance  with  this  that  the  spontaneous 
variations  in  the  finger  volume  not  connected  with  the  respiratory  move- 
ments and  with  a  period  covering  several  respirations  which  sometimes 
appear  on  the  trace  of  the  right  middle  finger,  are  absent  from  the  trace 
of  the  left  index  finger.  If  these  non-respiratory  waves  represent  more 
or  less  rhythmical  variations  in  vasomotor  tone  they  must  be  absent  from 
a  part  whose  efferent  vasomotor  fibers  are  eliminated.  "We  thus  arrive  at 
the  conclusion  that  at  a  time  when  the  efferent  vasomotor  fibers  of  a 
given  part  have  not  regenerated,  afferent  impulses  from  the  same  part 
elicited  by  heat  or  cold  and  producing  no  effect  in  consciousness  can  cause 
vasomotor  reflexes.  It  must  be  remembered  that  the  efferent  vasomotor 
fibers  in  question  are  autonomic  fibers  whose  cells  of  origin  are  in  sym- 
pathetic ganglia,  whereas  the  afferent  fibers  are  cerebrospinal,  their  cells 
of  origin  being  in  the  posterior  root  ganglia.  In  connection  with  the 
vasomotor  paralysis  of  the  anesthetic  phalanges,  the  extremely  rapid  and 
persistent  transudation  of  liquid  into  the  blister  on  the  terminal  phalanx 
of  the  index  finger  is  a  matter  of  interest.  The  normal  healing  of  the 
region,  for  it  was  not  in  the  least  delayed  nor  did  any  complication  what- 
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ever  apj^ear,  does  not  tally  with  the  idea  that  any  essential  trophic 
influence  had  been  removed  by  the  injury  to  the  cutaneous  nerves.^ 

3.  Additional  note. — March  19,  1913.  Peripheral  reference  of  cold  (to  the  tip 
of  the  index  finger)  has  now  been  observed  for  the  past  ten  days  when  a  cold 
object  touches  a  definite  part  of  the  scar  in  the  forearm.  It  is  elicited  by  the 
point  (2  mm.  in  diameter)  of  a  cylinder  filled  with  ice  but  more  intensely  with  a 
larger  surface.  The  local  response  is  inferior  in  intensity^  to  the  referred  sensation. 
No  peripheral  reference  of  heat  is  obtained  (confirmatory  of  Trotter  and  Davies^). 
No  peripheral  reference  of  cold  as  yet  from  any  other  part  of  the  skin.  The 
second  and  third  phalanges  of  the  middle  and  index  fingers  still  give  no  response 
to  hot  or  cold  cylinders.  But  prolonged  immersion  in  water  at  43  C.  (as  in 
the  blood-flow  measurements)  now  causes  the  slow  development  of  "something 
like  a  warm  sensation,"  and  in  water  at  8  C.  "tingling  as  if  from  cold."  Light 
stroking,  contact  with  a  blunt  point,  and  pressure  are  now  appreciated  over  the 
whole  hand.  The  index  finger  is  now  hypersensitive  to  stroking  (except  the 
dorsvim  of  the  third  phalanx)  and  appreciates  pain  on  very  strong  pressure, 
as  on  biting  the  finger.  Blood-flow  observations  in  the  hands  show  essentially 
the  same  features  as  at  the  previous  examinations. 
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INTRODUCTORY  NOTE 

The  experimental  work  in  this  paper  was  done  during  October. 
November  and  December,  1909,  and  January,  1910.  A  report  of  the 
work  was  made  before  the  St.  Louis  Medical  Science  Club  in  February, 
1910.  The  work  was  repeated  during  the  year  1911  and  read  before  the 
St.  Louis  Society  of  Internal  Medicine  in  May,  1911.  About  this  time 
our  attention  was  called  to  the  work  of  Hata,  which  was  unknown  to  us. 
This  work  is  practically  identical  with  our  method  except  in  some  points 
of  technic.  Hata's  paper  was  published  in  November,  1909.  After  read- 
ing this  paper  we  decided  not  to  publish  our  results.  As  Hata's  work 
has  received  practically  no  attention,  it  seemed  important  to  us  that  this 
work  should  be  known.  It  is  a  valuable  method  for  the  quantitative 
determination  of  pepsin.  We  submit  this  paper  as  a  confirmation  of 
Hata's  work.  AYe  think  our  method  of  procedure  easier  and  better 
adapted  for  clinical  work  than  Hata's. 

Many  methods  have  been  worked  out  for  the  quantitative  determina- 
tion of  pepsin.  Among  these,  Hammerschlag's  method  may  be  mentioned. 
It  is  open  to  the  objection  that  the  method  of  estimating  the  amount  of 
undigested  albumin  is  determined  by  Esbach's  method,  which  is  inaccu- 
rate. Mett's  ingenious  method  has  not  proved  accurate.  This  method 
takes  ten  to  twelve  hours  to  complete  the  determination.  Nierenstein  and 
SchifE's  modification  of  Mett's  method  takes  twenty-four  hours  for  its 
completion.  According  to  Sahli,  Volhard's  method  is  better  than  Mett's 
method  for  showing  digestion  in  gastric  contents  containing  but  little 
pepsin.    This  method  is  too  complicated  for  ordinary  use. 

Griitzener's  carmin  method  is  simple  but  requires  the  use  of  a 
colorimeter.  It  also  has  the  objection  that  its  solutions  are  not  stable. 
The  Jacoby  and  Solms  ricin  method  is  valuable,  but  unfortunately  requires 
an  impure  form  of  ricin  which  is  not  easily  obtained.  Their  ricin  solution 
gradually  deteriorates  so  that  gastric  contents  tested  with  old  solutions 
show  too  high  a  pepsin  content.    Fuld  and  Levison's  method  requires  a 
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vegetable  protein,  edestin,  which  is  diflScult  to  prepare  or  obtain.  This 
solution  also  deteriorates  on  standing.  The  Gross  method  is  simple  in  its 
teehnic  and  the  material,  casein,  is  easily  obtained. 

Schorer's  refractometric  method  seems  valuable  but  it  is  not  adapted 
for  general  use.  Illoway's  method  is  simple  but  takes  too  long  to  complete 
the  determination.  Several  other  methods  such  as  Meunier's,  Bettman 
and  Schroder's,  Spriggs'  and  Lieberman's  have  been  reported  but  have 
not  been  extensively  used. 

In  studying  these  different  methods  to  determine  which  was  most 
applicable  to  a  problem  we  had  in  hand,  we  decided  on  the  Jacoby-Solms 
method.  We  were  unable  to  obtain  the  impure  ricin  used  by  them  without 
importing.  While  waiting  for  this  we  studied  their  method  carefully. 
It  occurred  to  us  that  the  probable  explanation  of  the  Jacoby-Solms 
method  was  due  to  a  protein  in  the  impure  ricin  which  was  made  colloidal 
by  their  procedure,  because  their  solution  becomes  opalescent  when  ready 
for  use.  On  investigating  the  Fuld  and  Levison  method,  or  edestin 
method,  we  found  their  solution  to  be  opalescent  and  therefore,  in  all 
probability,  edestin  is  a  colloidal  condition.  With  these  facts  in  mind  it 
occurred  to  us  that  the  colloidal  egg  albumin  solution  of  Hardy  might  be 
used  for  a  quantitative  determination  of  pepsin  by  the  dilution  or  limit 
method. 

Hardy  has  shown  that  egg  albumin  diluted  with  distilled  water  in 
the  proportion  of  one  part  egg  albumin  to  nine  parts  of  water,  filtered  and 
heated,  becomes  opalescent.  By  dialysis  and  the  use  of  the  electric  current 
on  this  solution  in  faintly  acid  or  alkaline  reaction,  he  has  proved  its 
colloidal  nature.  This  colloidal  egg  albumin  solution  is  used  by  us  in  our 
method  of  determining  the  quantity  of  pepsin  in  gastric  contents. 

METHOD  OF  MAKING  THE  COLLOIDAL  ALBUMIN  SOLUTION 

Our  method  of  making  this  solution  is  similar  to  Hardy's.  The  white  of  egg 
is  separated  from  the  yolk  and  is  thoroughly  beaten,  or,  better,  vigorously  shaken 
in  a  flask.  It  is  allowed  to  stand  after  shaking  until  the  air  bubbles  disappear. 
A  measured  quantity  is  diluted  nine  times  with  water  and  filtered  through  ordi- 
nary qualitative  filter  paper.  It  comes  through  the  filter  paper  clear  and  trans- 
parent. The  solution  is  acidified  slightly  by  adding  tAvo  or  three  drops  of  an 
0.8  per  cent,  solution  of  hydrochloric  acid  to  100  c.c.  of  the  albumin  solution. 
With  the  albumin  of  some  eggs  it  is  unnecessary  to  acidify  as  the  albumin  becomes 
opalescent  on  heating.  In  other  eggs  the  albumin  solution  remains  clear  when 
heated.  This  is  especially  so  if  the  eggs  are  old.  In  our  method  of  making  the 
albumin  solution  we  always  acidify,  as  the  results  are  then  constant.  Hardy 
does  not  acidify  and,  as  a  result,  the  solution  does  not  always  become  opalescent 
on  heating.  Hardy's  instructions  as  to  the  manner  of  heating  are  rather  indefinite, 
so  that  a  certain  number  of  failures  result  even  if  the  albumin  solution  is  acidi- 
fied. The  heating  should  be  done  slowly  and  the  temperature  should  not  be  raised 
higher  than  60  or  65  C.  If  the  solution  is  heated  too  rapidly  the  albumin  solution 
remains  clear  and  transparent.     By  heating  slowly  the  solution  can  be  made  in 
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large  quantities  instead  of  using  small  test-tubes  as  Hardy  suggests.  We  heat 
the  solution  in  a  large  test-tube  of  100  c.c.  capacity  or  in  an  Erlenmeyer  flask  over 
a  naked  flame.  Made  in  this  way,  we  invariably  obtain  an  opalescent  solution 
which  has  all  the  colloidal  properties  of  Hardy's  solution. 

METHOD  OF  MAKIXG  THE  COLLOIDAL  ALBUMIN   SOLUTIOX  EEADT  FOR 
DIGESTION    EXPERIMENTS 

To  every  100  c.c.  of  albumin  solution  50  c.c.  of  an  0.8  per  cent,  hydrochloric 
acid  are  added.  When  a  few  cubic  centimeters  of  this  acid  are  first  added  a 
precipitate  may  form  which  will  clear  as  the  remainder  of  the  acid  is  added. 
The  resulting  solution  is  a  clear  opalescent  solution,  but  somewhat  lighter  in 
color  than  the  original,  as  it  has  been  diluted  one-third  with  the  add.  We  may, 
for  convenience,  call  this  a  stock  solution  of  albumin. 

METHOD  OF  ESTIMATING  THE  PEPSIN 

All  the  gastric  contents  are  those  of  students.  The  gasti'ic  contents  were 
removed  at  8  a.  m.,  one  hour  after  a  Boas-Ewald  test  breakfast  had  been  given. 
The  gastric  contents  were  filtered  and  the  pepsin  tests  made  at  once.  The  next 
step  is  to  make  four  preliminary  dilutions  of  the  filtered  gastric  content. 
Tube  1,  2  c.c.  gastric  content,  23  c.c.  distilled  water  make  a  dilution  1  to  12.5. 
Tube  2,  2  c.e.  of  tube  1.  2  c.c.  distilled  water  make  a  dilution  1  to  25 

Tube  3,  2  c.c.  of  tube  1.  4  c.c.  distilled  water  make  a  dilution  1  to  37.5 

Tube  4,  2  c.c.  of  tube  1.  6  c.c.  distilled  water  make  a  dilution  1  to  50 

Into  four  small  test  tubes  3  c.c.  of  the  stock  colloidal  albumin  are  placed.  Into 
each  of  these  tubes,  1  c.c.  of  the  preliminary  dilution  is  placed,  commencing  with 
the  weakest  solution  first  in  order  to  avoid  the  more  rapid  action  of  the  stronger 
solutions  as  these  others  are  added.  The  time  error  is  so  small  by  this  method 
that  it  is  ignored,  as  it  only  takes  a  few  seconds  to  mix  the  solutions  in  the  four 
tubes.  The  tubes  were  shaken  to  insure  thorough  mixing,  placed  in  a  water-bath 
registering  38.5  to  40  C.  and  the  time  of  placing  them  in  the  water-bath  is  noted. 
If  the  method  of  diluting  is  placed  in  table  form  it  may  appear  clearer. 

PRELIMINARY    DILUTIONS    OF    GASTRIC    JUICE 

1.  Dilution  1  to  12.5 

2.  Dilution  1  to  25. 

3.  Dilution  1  to  37.5 

4.  Dilution  1  to  50. 

FINAL    DILUTIONS    IN    THE    COLLOIDAL    ALBUMIN    SOLUTION 

3  C.C.  of  acidified  albumin  solution  1  c.c.  tube  1  makes  a  dilution  1  to    50 

3  c.c.  of  acidified  albumin  solution  1  c.c.  tube  2  makes  a  dilution  1  to  100 

3  c.c.  of  acidified  albumin  solution  1  c.c.  tube  3  makes  a  dilution  1  to  150 

3  c.c.  of  acidified  albumin  solution  1  c.c.  tube  4  makes  a  dilution  1  to  200 

By  consulting  the  accompanying  table  it  is  seen  that  the  resulting 
solutions  in  the  digesting  tubes  must  be  1  to  50,  etc.  For  instance,  1  c.c. 
of  Tube  1,  dilution  1  to  12.5,  diluted  with  3  c.c.  of  stock  albumin  solution 
must  be  1  to  50,  etc.  Furthermore,  by  tliis  method  of  procedure  the 
percentage  of  acid  in  the  digesting  tubes  is  0.2  per  cent.  For  instance, 
1  c.c.  of  0.8  per  cent.  HCl  in  3  c.c.  of  solution  makes  a  0.2  per  cent, 
solution  of  hydrochloric  acid.  The  amount  of  acid  in  the  1  c.c.  of  each 
dilution  of  the  gastric  content  is  ignored,  as  we  have  found  such  small 
quantities  without  appreciable  influence  on  the  time  of  digestion. 
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After  the  tubes  have  been  placed  in  the  water  bath,  the  tube  with 
dilution  1  to  50  is  removed  at  short  intervals  and  examined  to  determine 
whether  digestion  is  complete  in  that  tube.  Each  tube  is  taken  in  the 
order  of  its  dilution  and  the  time  of  its  digestion  noted.  The  end-point 
of  the  digestion  is  when  the  opalescence  has  disappeared  and  the  solutions 
are  practically  clear.  There  is  always  a  faint,  cloudy  appearance  after 
the  opalescence  disappears.  At  first  this  end-point  may  seem  uncertain; 
but  after  a  few  trials  one  determines  this  easily.  In  examining  the  tubes 
they  must  not  be  placed  in  direct  sunlight  or  strong  light.  We  read  all 
our  tubes  at  the  north  window  of  the  laboratory  where  there  is  a  clear, 
diffused,  reflected  light. 

The  results  in  this  table  are  consecutive  tests  made  on  thirty-eight 
gastric  contents  of  students.  These  are  considered  normal  gastric  con- 
tents as  none  of  them  differ  much  from  the  so-called  normal  standard  of 
quantity  of  gastric  contents  and  total  acidity  of  a  Boas-Ewald  test 
breakfast. 

It  is  seen  that  on  the  whole,  the  results  are  as  uniform  as  we  could 
expect.  There  is  some  variation  in  the  time  of  digestion  but  not  more 
than  in  the  total  acidity.  The  time  of  digestion  is  not  proportional  to 
the  dilution  as  the  more  dilute  solutions  of  the  gastric  contents  digest 
relatively  quicker  than  the  more  concentrated. 

If  we  consider  the  time  it  takes  a  dilution  of  1  to  50  to  digest  as  one, 
we  find  the  ratio  1,-1.67,-2.4,-3  instead  of  1,-2,-3,-4,  the  ratio  by  dilution. 
The  column  of  averages,  No.  1,  is  made  by  averaging  the  time  digesting 
all  the  38  gastric  contents.  Column  No.  2  is  made  by  averaging  all 
except  1,  5,  23,  28  and  36,  which  digested  so  much  slower  than  the.  others 
as  to  be  somewhat  out  of  proportion  to  the  others.  The  ratio  here  is 
1,-1.68,  2.4,-2.98,  which  is  practically  the  same  as  that  of  all  the  contents. 

By  this  method  of  procedure,  supposedly  normal  gastric  contents  in 
a  dilution  of  1  to  100  will  clear  colloidal  egg  albumin  approximately  in 
one-half  hour.  In  gastric  analysis  we  consider  a  normal  total  acidity 
between  40  and  70.  In  a  determination  of  pepsin  by  this  method  we 
might  consider  the  pepsin  as  normal  when  digestion  is  finished  in  a 
dilution  of  1  to  100  in  twenty-five  to  thirty-five  minutes.  If  in  this 
dilution,  digestion  is  completed  more  rapidly  than  thirty  minutes,  we 
know  there  is  plenty  of  pepsin.  The  only  question  is  how  far  above  thirty 
minutes  we  may  make  the  limit  and  still  be  within  so-called  normal 
limits.  It  seems  to  us  that  a  digestion  in  twenty-five  to  thirty-five  minutes 
should  still  be  considered  normal,  as  the  general  average  for  this  dilution 
is  twenty-nine  minutes. 

In  another  set  of  experiments  on  the  gastric  contents  of  thirty-four 
different  students,  by  a  different  method  of  diluting,  we  obtained  the 
following  general  average : 
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Average,  Average, 

Dilution  Minutes  Dilution  Minutes 

1-8  6.0  1-122  38.0 

1-20  9.5  1-140  44.0 

1-40  14.0  1-160  50.5 

1-80  23.5  1-200  57.0 

1-100  30.0 

We  see  here  the  general  averages  approach  those  of  the  other  set  of 
experiments. 

Instead  of  using  the  time  of  digesting  as  a  standard  we  might  establish 
an  arbitrary  standard.  If  we  consider  the  digesting  power  of  a  dilution 
of  1  to  100  in  tliirty  minutes  as  100,  we  would  have  a  standard  for  com- 
parison. If  a  pure  gastric  content  digested  the  solution  in  a  dilution  of 
1  to  100  in  forty  minutes,  the  pepsin  power  would  be  less  as  the  time  of 
digestion  was  longer.  In  units  this  would  be  67,  as  the  digestion  was 
33  per  cent,  slower.  Or  if  the  digestion  in  the  dilution  was  completed 
in  twenty  minutes,  the  pepsin  units  would  be  133,  etc.  The  normal 
limits  would  vary  between  85-116;  we  take  the  limit  as  varying  between 
twenty-five  and  thirty-five  minutes. 

In  the  routine  examination  of  gastric  contents  for  the  quantitative 
determination  of  pepsin,  all  that  is  necessary  at  first  would  be  the  making 
•a  dilution  of  1  to  100  and  note  the  time  of  the  digestion.  If  this  took 
place  between  twenty-five  and  thirty-five  minutes  we  could  consider  the 
digestion  normal.  If  it  took  much  longer  or  did  not  clear  up  at  all, 
stronger  solution  should  be  used.  Let  us  say  a  dilution  of  1  to  10,  1  to  25. 
If  these  cleared  in  twenty-five  to  thirty-five  minutes  the  digestion  power 
in  units  would  be  1/10,  1/25  of  100.  Any  other  dilution  that  the  worker 
might  desire  to  use  could  easily  be  made.  Dilutions  might  be  made  as 
follows : 

3  c.c.  acidified  albumin  1  c.c.  filtered  gastric  content  makes  dilution  1-4 
3  c.c.  acidified  albumin  1  c.c.  of   1  to  25  dilution         makes  dilution   1-10 
3  c.c.  acidified  albumin  1  c.c.  of  1  to  6.25  dilution        makes  dilution  1-25 

In  making  up  small  quantities  of  the  albumin  solution  for  use  at 
different  times,  it  occurred  to  us  that  the  albumin  of  different  eggs  might 
vary  in  concentration  and  thus  the  time  of  digestion  might  also  vary, 
when  the  solution  of  different  eggs  was  used.  We  tried  a  2  per  cent, 
solution  of  pepsin  on  different  eggs  and  found  no  marked  variations.  We 
also  tried  a  gastric  content  in  different  dilutions  on  two  dozen  different 
€ggs  and  found  the  results  practically  constant. 

There  is  another  question  which  is  of  importance ;  that  is,  whetlier  the 
acidified  albumin  solution  is  stable.  These  solutions  will  keep  about  ten 
days  or  two  weeks,  but  at  the  end  of  that  time  the  albumin  begins  to 
precipitate  and,  as  a  result,  the  time  of  digestion  is  shortened.  We  also 
found  that  the  end-point  in  the  old  solutions  is  not  so  sharp  as  in  the 
fresh  solutions. 
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The  acidified  albumin  solution  with  chloroform  added  in  the  propor- 
tion of  one  part  chloroform  to  1,000  albumin  solution,  keeps  from  two 
to  three  weeks.  At  the  end  of  three  weeks  there  may  be  no  precipitate  of 
albumin,  yet  the  end-point  is  not  sharp  and  the  resulting  time  of  diges- 
tion is  somewhat  inaccurate. 

The  time  of  digestion  is  not  proportional  to  the  quantity  of  pepsin  as 
measured  by  the  dilution.  As  the  solution  of  gastric  contents  becomes 
more  dilute  the  time  of  digestion  gradually  lessens.  This  suggests  the 
possibility  that  in  the  dilution  methods  such  as  we  have  used,  we  do  not 
obtain  the  same  result  we  would  obtain  if  the  digestion  were  carried  on  in 
undiluted  gastric  contents.  By  diluting  we  may  lessen  certain  inhibitory 
factors  which  operate  in  concentrated  gastric  contents  but  not  in  dilute 
solutions.  However,  the  results  obtained  by  this  method  approximate 
closely  the  digestive  power  of  a  given  gastric  content.  Any  marked  patho- 
logical change  in  the  digestive  power  of  a  given  gastric  content  will  surely 
be  found  by  this  method,  as  we  have  shown  conclusively  in  pathologic 
cases. 

The  concentration  of  hydrochloric  acid  for  the  most  rapid  digestion 
with  this  albumin  solution  is  0.1  per  cent.  The  time  of  digestion  is 
proportional  to  the  concentration  of  the  albumin  used. 

The  points  in  favor  of  this  method  are : 

1.  We  have  a  material  which  is  easily  obtained. 

2.  The  colloidal  albumin  solution  is  easily  made. 

3.  The  technic  is  as  simple  as  any  dilution  method  can  be. 

4.  The  time  of  making  a  complete  determination  is  under  one  hour. 

5.  The  results  are  constant. 
Objections  to  this  method: 

1.  The  solution  cannot  be  kept  and  used  indefinitely,  as  it  decomposes. 

2.  It  has  the  objection  that  dilution  methods  do  not  give  the  actual 
digestion  as  found  in  concentrated  gastric  contents. 

3.  The  end-point  may  seem  indefinite  to  those  who  use  this  method 
for  the  first  time;  but  experience  soon  enables  one  to  read  and  obtain 
constant  results. 
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HEART     SIZE     A^D     HEART     FUNCTION     IN     CHILDREN 

SHOWING     ORTHOSTATIC     ALBUMINURIA:     AN 

ORTHODIAGRAPHIC    STUDY* 

MURRAY  H.   BASS,  M.D.,   and  H.   WESSLER,   M.D. 

NEW   YORK 

The  close  relationship  of  orthostatic  albumiimria  to  the  cardiovas- 
cular system  has  frequently  been  emphasized,  yet  in  a  consideration  of 
the  literature  one  is  struck  by  the  diversity  of  opinions  and  the  contrary 
findings  of  various  authors.  Having  at  our  disposal  the  material  of  a 
large  pediatric  clinic  and  noting  how  frequently  cases  of  orthostatic 
albuminuria  presented  themselves  for  treatment,  we  determined  to  study 
the  hearts  and  blood-pressures  in  a  number  of  these  patients  in  order  to 
see  which  of  the  previous  findings  we  could  corroborate,  and  also  whether 
in  the  course  of  our  work  we  could  throw  some  light  on  the  pathogenesis 
of  these  symptoms. 

The  present  paper  will  deal  only  with  our  results  in  the  examination 
of  the  heart,  and  we  leave  a  consideration  of  the  blood-pressures  to  a 
future  communication. 

Ever  since  EdeP  called  attention  to  the  cardiovascular  factor  as  an 
important  one  in  the  etiology  of  orthostatic  albuminuria,  many  observa- 
tions have  been  made,  both  on  the  heart  and  the  vessels,  in  an  attempt 
to  clear  up  this  obscure  subject.  Although  various  investigations  have 
not  as  yet  been  able  to  solve  the  problem,  nevertheless  in  their  course  a 
considerable  amount  of  interesting  data  has  been  brought  forward.  At 
first  there  was  a  tendency  to  explain  the  albuminuria  purely  as  the 
result  of  a  cardiovascular  abnormality,  but  it  soon  became  clear  that 
urine  of  a  similar  character  was  excreted  by  children  in  whom  no  phys- 
ical abnormalities  could  be  detected.  On  the  other  hand,  it  had  been 
noted  that  a  large  number  of  children  who  showed  this  urinary  anomaly 
also  presented  cardiovascular  peculiarities.  These  symptoms  appeared 
to  be  more  or  less  characteristic,  and  led  Langstein^  to  classify  his  cases 
of  orthostatic  albuminuria  in  three  groups :  1.  Children  who  have  grown 
rapidly,  who  complain  of  fatigue,  palpitation  and  headache,  look  pale, 
but  whose  hemoglobin  is  normal.  This  type  usually  occurring  in  girls 
of  12  to  14  years,  Langstein  terms  the  angiospastic  type.     2.  Children 
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2.  Langstein:  Die  Albyminurien  alterer  Kinder,  Monograph,  Leipzig,  1907. 
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who  flush  easily,  who  show  marked  vascular  irritability,  whose  complaints 
are  chiefly  congestive  headaches,  vomiting  attacks  and  urticaria.  These 
cases  he  groups  as  the  erethic  type.  3.  Children  whose  physical  exami- 
nation shows  no  abnormality  and  who  have  no  complaints.  In  such 
cases  the  albuminuria  is  incidentally  found  in  a  routine  examination. 

It  appears,  therefore,  both  from  previous  observations  and  from  the 
cases  we  are  about  to  describe,  that  when  subjective  symptoms  do  occur 
in  orthostatic  albuminuria  they  are  chiefly  those  referable  to  the  cardio- 
vascular system,  viz.,  dyspnea  on  exertion,  palpitation,  precordial  pain, 
headache,  fainting,  h}T^)ersusceptibility  to  cold.  These  symptoms,  com- 
ing on  as  a  rule  in  children  between  the  ages  of  10  and  14,  have  become 
intimately  associated  with  the  symptomatology  of  puberty.  This  con- 
nection has  long  been  noted,  and  has  led  to  numerous  hypotheses  in 
which  a  disproportion  between  the  growth  of  the  various  organs  and  the 
work  they  are  called  on  to  perform  at  this  period  of  rapid  bodily  devel- 
opment has  been  assumed  as  the  basis  of  these  symptoms.  An  analog}'' 
is  seen  between  the  albuminuria,  which  is  supposedly  due  to  an  insufii- 
ciency  of  the  kidney,  unable  in  its  growth  to  keep  pace  with  the  rest  of 
the  body,  and  the  cardiac  symptoms  which  are  an  expression  of  a  similar 
developmental  backwardness  of  the  heart. 

The  material  on  which  this  report  is  based  comprises  thirty-six  dis- 
pensary cases,  who  during  the  previous  fourteen  months  applied  for 
treatment  for  a  variety  of  complaints.  These  complaints,  coupled  with 
the  more  or  less  characteristic  appearance  of  the  children,  led  us  to  sus- 
pect albuminuria.  In  each  case  albumin  was  shown  to  be  present  in  the 
urine  by  the  addition  of  dilute  acetic  acid  and  the  application  of  heat. 
The  albuminuria  was  then  proved  to  be  of  the  orthostatic  variety  by  the 
examination  of  several  specimens  of  the  early  morning  urine,  which  was 
found  to  be  albumin  free.  In  a  few  of  the  cases  albumin  only  appeared 
in  the  urine  after  the  child  was  placed  in  the  lordotic  position  by  kneel- 
ing as  described  by  Jehle.^  In  all  the  cases  the  albumin  disappeared  on 
the  assumption  of  the  horizontal  position.  In  none  of  the  cases  were 
casts  found,  though  centrifuged  specimens  of  the  urine  were  frequently 
examined,  some  of  them  over  a  period  of  a  year.  These  cases  were  sub- 
jected to  a  functional  heart  examination  in  the  following  manner : 

A  complete  physical  examination  of  each  child  was  made  in  such  a  manner 
that  the  element  of  fear  or  nervousness  on  the  part  of  tlie  child  could  be  excluded 
as  much  as  possible.  Then  on  another  day  the  heart  size  was  determined  by 
orthodiagraphy  in  the  sitting  posture  and  the  pulse-rate  taken.  The  child  was 
next  made  to  run  up  and  down  four  flights  of  stairs  rapidly  and  was  then  imme- 
diately orthodiagraphed  a  second  time  and  the  pulse  again  counted.  The  fluoro- 
scopic examination  was  always  done  at  the  same  time  of  the  day,  sufficiently 
removed  from  meal-time  to  obviate  sources  of  error.  The  orthodiagraph  was  in 
every  case  made  by  the  same  one  of  us  and  the  physical  examination  by  the 
other  so  that  the  personal  element  might  be  eliminated. 


3.  Jehle:    Die  Lordotische  Albuminuric,  Leipzig  and  Wien,    1909. 
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EXAMINATION"  OF  THE  HEART  AT  REST 

In  Table  1  will  be  found  the  results  of  the  orthodiagraphic  examina- 
tion of  these  thirty-six  children  while  at  rest.  In  the  fifth  column  are 
given  the  average  figures  of  heart  size  for  children  of  corresponding 
heights  as  determined  by  Veith.*  A  comparison  of  these  figures  shows 
seven  of  the  hearts  to  be  larger  than  normal.  Of  these  seven  cases,  six 
show  an  increase  over  the  normal  of  but  1  to  3  mm.,  differences  within 
the  limits  of  error.  This  leaves  one  case  (Case  18)  in  which  the  heart 
is  distinctly  enlarged.  Of  the  remaining  twenty-nine  cases,  twenty-two 
show  values  lower  than  the  normal.  It  is  remarkable  that  the  majority 
of  these  figures  differ  from  the  normal  by  relatively  large  amounts  — 
from  1  to  4  cm.  In  this  chart  we  have  included  all  our  cases  of  ortho- 
static albuminuria  irrespective  of  the  presence  or  absence  of  cardiac 
symptoms.  Included  in  these,  however,  are  fifteen  children  who  either 
complained  of  subjective  svTnptoms  or  presented  signs  of  cardiac  abnor- 
mality on  physical  examination.  It  is,  therefore,  of  interest  to  determine 
whether  these  fifteen  can  be  differentiated  from  the  others  in  respect  to 
heart  size.  This  is  of  especial  importance  in  view  of  the  effort  which  has 
been  made  by  investigators  for  some  years  to  find  in  an  alteration  in 
heart  size  and  function  an  explanation  of  these  very  symptoms. 

French  and  German  clinicians  have  advanced  various  theories  to 
explain  these  symptoms.^  As  has  been  mentioned  above,  it  appeared  to 
most  observers  that  since  many  of  these  cases  occurred  at  or  immediately 
before  puberty,  owing  to  a  lack  of  correspondence  of  growth  between  the 
heart  and  the  body,  a  relative  insufficiency  of  the  former  became  manifest, 
accentuated  by  the  excessive  psychical  and  physical  demands  of  the  grow- 
ing body.  This  weakness  showed  itself,  especially  in  children,  who  by 
heredity  or  environment,  were  handicapped  by  poor  physical  develop- 
ment. The  ensuing  malnutrition  also  expressed  itself  in  poorly  devel- 
oped hearts,  with  the  results  that  the  demands  of  even  every-day  life 
were  the  cause  of  subjective  and  objective  signs  of  heart  insufficiency, 
such  as  in  normal  individuals  would  be  manifest  only  after  considerable 
exertion.  To  quote  Martins'^':  "Heart  weakness  without  expressly  dis- 
coverable cause,  brought  about  by  the  ordinary  demands  of  life,  inci- 
dental to  the  school  age."  The  same  idea  has  been  aptly  expressed  by 
Fairbanks/  who,  in  speaking  of  the  "Essential  Insufficiency  of  the  Heart 
in  Childhood,"  says :  "One  reason  why  the  aggregate  of  demands  on  the 
heart  may  sometimes  exceed  its  power  to  respond  lies  in  the  fact  that  the 
general  bodily  development  is  neither  synchronous  nor  symmetrical." 


4.  Veith:   Pahrb.  f.  Kinderh.,  1908,  Ixviii.  20.5. 

5.  Lomirel:  Krankheiten  des  Jiinglingsalters.  Ergeb.  d.  inn.  Med.  u.  Kinderh., 
1910,  vi. 

6.  Martius:   Kongres3  f.  inn.  Med.,   1899,  p.  41. 

7.  Fairbanks:  Jour.  Am.  Med.  Assn.,  1907,  xlix,  1976. 


406  THE     ARCHIVES     OF    INTERNAL     MEDICINE 

This  clinical  picture,  to  which  Germain  See^  first  called  attention  in 
1889,  and  to  which  he  gave  the  name  "Hypertrophie  et  dilatation  de  la 
croissance,"  was  further  developed  and  more  completely  described  by 
Martins.^  In  the  examination  of  a  large  number  of  institution  chil- 
dren this  observer  was  impressed  by  the  existence  of  a  distinct  group 
presenting  the  following  typical  appearance: 

The  children  are  weak,  pale,  lose  their  appetite,  complain  of  headache.  .  .  . 
Examination  reveals  besides  slight  enlargement  of  the  cervical  nodes,  moderate 
anemia,  sometimes  but  not  always  orthostatic  albuminuria,  the  absolutely  char- 
acteristic heart  finding-dilatative  weakness. 

According  to  Martins,  in  this  condition  the  physical  signs  are  char- 
acteristic. The  apex-beat  of  the  heart  is  displaced  beyond  the  nipple, 
sometimes  out  as  far  as  the  anterior  axillary  line;  it  is  heaving  in 
character;  the  pulse  shows  distinct  diminution  in  tension  and  has  a 
tendency  after  exercise  to  increase  in  rate  out  of  all  proportion  to  the 
amount  of  the  exertion  and  at  the  same  time  to  become  very  poor  in 
quality.  This  condition  Martins  considers  frequent  among  the  poorer 
classes. 

While  during  the  past  decade  orthostatic  albuminuria  was  arousing 
considerable  interest^"  and  the  children  suffering  from  it  were  subjected 
to  careful  study,  it  became  apparent  that  a  great  number  of  them 
belonged  to  the  above  group  described  by  Martins,  the  albuminurics 
showing  cardiac  signs  and  symptoms  identical  with  those  classed  as 
dilatative  weakness.  Thus  in  ninety  cases  of  orthostatic  albuminuria 
LommeP^  found  thirty-eight  with  cardiac  abnormalities,  thirteen  with 
apparent  left  ventricle  hypertrophy,  eleven  with  markedly  exaggerated 
apex-beat  and  nine  with  systolic  murmurs.  Schaps^^  in  the  same  way 
notes  a  big  percentage  of  enlarged  hearts  with  subjective  symptoms.  The 
idea  was,  therefore,  generally  accepted  that  many  orthostatic  albumiurics 
had  cardiac  enlargement.  It  must  be  remembered,  however,  that  these 
observations  were  made  before  the  introduction  of  the  more  precise 
methods  of  examination  afforded  by  the  a;-rays,  and  it  is  therefore  of 
considerable  interest  to  find  that  when  a  few  similar  cases  were  subjected 
to  fluoroscopic  examination  no  enlargement  of  the  heart  was  found. 
FischP^  who  skiagraphed  these  hearts  found  them  normal,  while  Lang- 
stein  and  Eeyher,^  using  the  orthodiagraph,  found  to  their  surpise  that 
in  eight  cases  so  examined  the  hearts  were  smaller  than  usual.     This 


8.  Germain  S6e:   Traite  des  maladies  du  coeur.  1889. 

9.  Martins:   Loc.  cit.  Note  6,  and  Gedenkschrift  fiir  von  Leuthold,   1906. 

10.  For  a  review  of  the  latest  literature  on  this  subject  see  Bass:  A  Summary 
of  the  Recent  Literature  on  Orthostatic  Albuminuria.  Am.  Jour.  Dis.  Child., 
1912,  iv,  246. 

11.  Lommel:  Arch.  f.  klin.  Med.,  1903,  No.  78,  p.  540. 

12.  Schaps:  Arch.  f.  Kinderh.,  1903,  No.  35. 

13.  Fischl:   Arch.  f.  Kinderh.,  1909,  lii. 


Table  1. — Heabt  Size  Dxjbing  Rest  in  Thibty-Six  Cases  of  Obthostatic  Albuminxjeia  ; 

Twenty-Six  Gibls  and  Ten  Boys* 


Case  No. 
Age 
Height,  cm. 

Pleart  Size, 
Transverse 
Diameter,  c 

Si 

M 

u 

oT 
t) 

53 

Si 

s 

1  .. 

..   9 

115 

8.2 

8.8 

—  .6 

2  .. 

..  10 

129 

8.6 

9.4 

—  .8 

3  .. 

.  .  11 

130 

8.4 

9.4 

—1.0 

4  .. 

..   8 

132 

8.7 

9.87 

—1.1 

5  .. 

.  .  14 

136 

8.2 

9.87 

—1.6 

6  .. 

. .  14 

140 

9.4 

9.87 

—  .4 

7  .. 

.  .  13 

151 

9.1 

11.3 

—2.2 

8  .. 

..  10 

131 

9.1 

9.87 

—  .7 

9  .. 

..  10% 

126 

9.6 

9.4 

+  .2 

10  .. 

..   8 

121 

8.2 

9.4 

—1.2 

11  .. 

..  11 

133 

8.7 

9.87 

—1.1 

12  .. 

.  .  12 

137 

7.8 

9.87 

—2. 

13  .. 

7 

115 

9.1 

8.8 

-f  -3 

14  .. 

. .  14 

150 

10. 

10.39 

—  .3 

15 


12 


140 


9.3 


9.87         — 


16  .. 

. .  ioy2 

126 

9.5 

9.4 

+  -1 

17  .. 

.  .  12 

131 

10.1 

9.87 

+  .2 

18  .. 

..  11 

130 

10.9 

9.4 

+  1.5 

19  .. 

.  .  13 

141 

10. 

10.39 

—  .39 

20  .. 

..  13 

157 

8.4 

12.5 

—4.1 

21  .. 

..  10 

121 

10.2 

9.4 

—  .8 

22  .. 

.  .  12 

128 

8.6 

9.4 

—  .8 

23  .. 

..  9y2 

121 

9.5 

9.4 

+  .1 

24  .. 

..  12 

126 

9.4 

9.4 

.0 

25  .. 

..   9 

117 

8.4 

8.82 

—  .4 

26  .. 

..  12 

142 

10.7 

10.39 

+  .3 

27  .. 

..   8 

112 

8.7 

8.82 

—  .1 

28  .. 

..  11 

152 

10.5 

11.3 

—  .8 

29  .. 

..  10 

132 

8.5 

9.87 

—1.3 

30  .. 

..  15 

145 

8.9 

10.39 

—1.4 

31  .. 

..  11 

135 

8.7 

9.8 

—1.1 

32  .. 

..  14 
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8.8 

12.5 

—3.8 

33  .. 

..  10 

132 

9.1 

9.87 

—  .7 

34  .. 

..  12 

140 

8.8 

9.87 

—1.0 

35  .. 

..  5V2 

94 

7.7 

8.4 

—  .7 

36  .. 

..     13 

130 

8.6 

9.4 

—  .8 

Symptoms    and   Physical    Signs 


Palpitation,   dyspnea. 

Palpitation,   dyspnea. 

Palpitation,   dyspnea,   booming   first   sound. 

Palpitation,  dyspnea,  booming  first  sound, 
pulmonic  second  accentuated. 

Palpitation,  dyspnea,  first  sound  impure, 
pulmonic  second  accentuated. 

Palpitation,   dyspnea,   booming   first   sound. 

Palpitation,   dyspnea,  overaction. 

Palpitation,  dyspnea,  apex  one  finger  out- 
side  nipple,   overaction. 

Palpitation,  dyspnea,  left  border  one  finger 
outside   nipple. 

Palpitation,  dyspnea,  apical  systolic  mur- 
mur, pulmonic  second  accentuated. 

Palpitation,  dyspnea,  apical  systolic  mur- 
mur. 

Palpitation,  dyspnea,  apical  systolic  mur- 
mer,   overaction. 

Palpitation,  dyspnea,  heaving  apical  im- 
pulse, booming  first   sound. 

Palpitation,  djspnea,  apex  outside  nipple, 
heaving  impulse,  overaction,  accentuated 
pulmonic  second. 

Ipex,  one  finger  outside  nipple,  marked 
tachycardia. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 

No  symptoms  or  signs. 


*The  first  fifteen  cases  in  this  table  are  those  in  -which   symptoms  or  physical  signs   of 
cardiac  abnormality  were  present.    The  remainder  were  free  from  such  signs. 
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discrepancy,  though  in  so  small  a  number  of  cases,  is  important  enough 
to  deserve  further  investigation. 

Eeturning  once  more  to  our  own  cases,  we  have  placed  the  children 
who  show  either  subjective  or  objective  signs  of  cardiac  involvement 
together  at  the  commencement  of  Table  1.  (Cases  1  to  15.)  In  the 
last  column  are  enumerated  the  corresponding  signs  and  symptoms. 

A  study  of  these  fifteen  cases  shows  that  in  none  of  them  is  the  heart 
increased  in  size.  Two  of  them  reveal  an  increase  over  the  normal  of 
2  and  3  mm.,  respectively,  values  which,  as  was  mentioned  above,  are 
within  the  limits  of  error.  On  the  other  hand,  nine  of  the  remaining 
show  a  distinctly  small  heart,  differing  in  one  case  by  as  much  as  23 
mm.  from  the  normal  size.  The  hearts  are  enlarged  neither  to  percussion 
nor  to  fluoroscopy,  with  four  exceptions  (Cases  8,  9,  14  and  15),  in 
which  percussion  showed  slight  enlargement  to  the  left,  which  was 
verified,  however,  by  the  orthodiagraph  only  in  one  instance.  The  sig- 
nificance of  the  enlargement  in  this  case  (Case  9)  will  be  discussed  later. 
Our  results  are,  therefore,  in  accord  with  the  observations  of  Langstein, 
Eeyher  and  Fischl,  who  found  no  enlargement. 

In  spite  of  the  absence  of  any  demonstrable  increase  in  the  size  of 
the  hearts,  all  of  these  children  nevertheless  had  definite  symptoms. 
They  commonly  complained  of  dyspnea  on  exertion,  of  palpitation,  or 
more  rarely,  of  precordial  pain.  Twelve  of  the  fifteen  had  definite  signs 
of  abnormal  function;  five  had  booming  first  sound;  three  had  apical 
systolic  murmurs;  four  had  marked  accentuation  of  the  second  pul- 
monic sound;  four  showed  apical  signs  of  marked  over-action  and  four 
showed  increase  of  heart  dulness  to  the  left.  These  are  all  distinct  signs 
and  symptoms  of  relative  heart  insuflSciency,  and  undoubtedly  correspond 
to  the  cases  described  by  Martins  and  others  as  dilatative  weakness. 

It  may  not  be  amiss  at  this  point  to  present  in  detail  the  history  and 
physical  examination  of  one  of  our  cases : 

History. — R.  P.   (Case  8),  female  of  Russian  parentage,  aged  10  years. 

Family  History. — An  older  sister  has  rheumatic  endocarditis  for  which  she 
has  been  in  the  hospital  on  several  occasions.  Parents  well.  No  history  of 
tuberculosis. 

Past  History. — Measles  in  early  childhood.  Except  for  several  mild  attacks 
of  tonsillitis  the  child  has  been  well.     Has  never  had  scarlet  fever. 

Present  Illness. — For  the  past  ten  months  the  patient  has  noted  epigastric 
oppression,  severe  dyspnea  and  palpitation  on  exertion.  No  cough.  No  sweats. 
No  edema.  No  fever.  Does  not  vomit.  Appetite  fair.  Bowels  regular.  Sleeps 
well. 

Physical  Examination. — A  very  nervous  child,  showing  poor  muscular  tonus, 
as  evidence  of  which  there  is  a  marked  exaggeration  of  the  lumbar  lordosis. 
Marked  pallor  of  the  skin,  but  lips  and  mucous  membranes  strikingly  ruddy. 
Hands   cold    and   cyanotic.      Marked    dermographia.      Chvostek's   sign    positive." 

14.  For  tlie  value  of  this  sign  see  Bass,  "Chvostek's  Sign  and  Its  Significance 
in  Older  Children,"  Am.  Jour.  Med.  Sc,  July,  1912. 
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Mouth,  throat,  lymph-nodes,  eyes  negative.  Chest  long  and  flat;  scapulae  winged: 
epigastric  angle  narrow.  Lungs  negative.  Heart:  Apex  in  the  fifth  space  in 
the  nipple  line;  distinct  over-action;  percussion  shoAVS  the  left  border  one  finger 
outside  the  nipple  line;  first  sound  at  apex  booming  in  character;  no  murmurs; 
second  sounds  at  base  accentuated;  action  regular,  somewhat  rapid;  short  venous 
hum  over  the  vessels  of  the  neck ;  pulses  regular ;  no  increased  tension.  Abdomen 
lax;  right  kidney  palpable. 

Orthodiagraphy  reveals  a  heart  normal  in  shape,  size  and  position. 

Urine:  A.  M.  specimen  albumin-free;  p.  m.  specimen,  faint  trace  of  albumin; 
after  lordosis   (kneeling  for  three  minutes),  very  heavy  precipitate  of  albumin. 

This  case,  then,  presents  the  typical  picture  we  have  above  described — 
a  child  who  comes  to  us  complaining  of  severe  palpitation  and  dyspnea 
on  exertion,  who  is  suffering  from  orthostatic  albuminuria,  whose  phys- 
ical examination  by  the  ordinary  methods  would  lead  one  to  suspect  car- 
diac enlargement.  However,  in  spite  of  the  signs  of  cardiac  over-action 
and  the  fact  that  percussion  shows  the  heart  dulness  one  finger  to  the 
left  of  the  nipple,  careful  measurement  with  the  orthodiagraph  proves 
that  the  heart  is  normal  in  size  and  position. 

It  may  be  concluded  from  our  findings  that  the  conception  "dilata- 
tive  weakness"  as  applied  to  cases  of  orthostatic  albuminuria,  at  least  in 
so  far  as  it  assumes  enlargement  of  the  heart,  is  a  mistaken  one,  due 
probably  to  errors  in  percussion,  which  will  be  discussed  later  on.  Nor 
can  the  small  hearts  stand  in  a  causative  relation  to  these  symptoms, 
since  the  smallest  heart  sizes  were  found  among  those  children  who  did 
not  present  any  symptoms  at  all. 

EXAMINATION  OF  HEAET  SIZE  AFTER  EXERTION 

Having  definitely  decided  that  these  hearts  during  rest  were  normal 
or  under-sized,  the  next  question  to  be  determined  was  what  alteration 
in  size,  if  any,  the  heart  underwent  after  exercise. 

The  change  in  size  in  the  normal  heart  after  exertion  has  been  thor- 
oughly studied  by  numerous  observers  since  the  introduction  of  precise 
methods  for  the  determination  of  heart  size.  Moritz,^^  Dietlen,^*'  Kien- 
bock,^"  Agostini,^^  Jundell  and  Sjogren^^  and  many  others  showed  that 
contrary  to  the  previously  current  opinions,  the  normal  heart,  even  after 
exhausting  exercises,  contracts  considerably  in  volume.  It  follows  from 
their  work  that  acute  dilatation  of  the  healthy  heart  does  not  occur. 
Martins,  quoted  by  Langstein,-  however,  believes  that  cases  of  dilatata- 
tive  weakness  previously  referred  to  react  to  exertion  by  an  increase  in 
heart  size,  and  therefore  concludes  that  these  hearts  are  weak.    According 


15.  Moritz:   Miinchen.  med.  \Ychnschr..  1907,  No.  14;  also  1908.  Xo.  25. 

16.  Dietlen:    Ergeb.   der   Physiologic,    1910;    also   Miinchen.   med.   Wchnschr., 
1907,  Xo.  10. 

17.  Kienbock.  Selig  and  Beck:  Miinchen.  med.  Wchnschr.,  1907,  Xo.  29. 

18.  Agostini:  Ztschr.  f.  exper.  Pliarm.  u.  Therap.,  1909,  p.  159. 

19.  Jundell  and  Sjogren:    Reviewed  in  Centralbl.  f.  inn.  Med.,   1912,  Xo.  42, 
p.  1053. 
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to  Martius,  this  symptom  is  one  of  the  most  frequent  in  orthostatic 
albuminuria. 

Schaps/^  relying  on  percussion,  in  an  examination  of  sixteen  cases 
of  orthostatic  albuminuria  showing  cardiovascular  symptoms  or  signs, 
found  only  one  case  in  which  after  exercise  the  heart  seemed  to  have 
enlarged.  This  is  of  particular  interest,  in  view  of  the  fact  that  of  the 
thirty-five  cases  described  by  him,  twenty  showed  pathological  heart 
findings  (murmurs,  arhythmia,  accentuation  of  the  basic  sounds,  insta- 
bility of  the  pulse). 

Neumann-"  in  eight  cases  of  dilatative  weakness,  two  of  which  had 
albuminuria,  found  by  percussion  that  after  stair-climbing  the  hearts 
increased  in  size. 

Table  2. — Showing  Heart  Size  Before  and    After    Exercise    in    Cases    of 
Orthostatic  Albuminuria* 
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*This  chart  shows  the  heart-size  before  and  after  exercise.  As  in  chart  one 
the  first  fifteen  cases  are  those  with  cardiovascular  symptoms  or  signs. 

The  work  of  these  observers  is,  however,  not  beyond  criticism,  since 
they  relied  for  the  determination  of  heart  size  on  percussion  only.  "We 
have  been  unable  to  find  records  of  any  orthodiagraphic  heart  examina- 
tions before  and  after  exercise,  either  in  cases  of  orthostatic  albuminuria 
or  in  cases  of  dilatative  weakness,  and  consider  such  an  examination 
absolutely  necessary  for  a  conclusive  determination  of  the  question  of 
dilatation  after  exercise.  Such  examination  we  have  carried  out.  The 
exercise  consisted  in  rapidly  running  up  and  down  160  steps,  which 


20.  Neumann:  Jahrb.  f.  Kinderh.,  1900,  lii. 
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always  resulted  in  considerable  fatigue.  The  children  were  then  imme- 
diately examined  on  the  fluoroscope  and  orthodiagraphic  tracings  made 
under  exactly  the  same  conditions  and  position  in  which  the  tracings  had 
been  made  before  exercise. 

Table  2  shows  in  parallel  columns  the  transverse  heart  diameters  in 
our  thirty-six  cases  before  and  after  exercise.  It  will  be  seen  that  in 
twenty-two  cases  the  heart  became  distinctly  smaller,  while  in  the  rest 
of  the  cases  it  remained  unchanged  or  practically  so.  In  no  case  did  the 
heart  become  larger  after  exercise,  not  even  in  the  children  showing 
subjective  or  objective  cardiac  symptoms.  These  results  definitely  prove 
that  the  cardiac  symptoms  in  this  undoubtedly  clinically  distinctive 
group  must  find  an  explanation  elsewhere  than  in  the  altered  heart 
size,  possibly  in  some  disturbance  in  the  vasomotor  system. 

It  is  noteworthy  that  although  none  of  the  hearts  increased  in  size, 
thirteen  of  them  failed  to  grow  smaller.^^  (We  have  included  those  which 
diminished  only  1  mm.,  as  this  was  practically  no  change  in  heart  size.) 
The  failure  of  these  hearts  to  contract  after  exercise  is  the  more  remark- 
able and  is  indicative  of  some  abnormality  of  heart  action,  in  view  of 
the  experience  of  Moritz  that  the  hearts  of  youthful  individuals  and  of 
those  who  are  not  accustomed  to  hard  work,  show  the  greatest  amount 
of  contraction.  The  exact  significance  of  this  fact  we  are  not  in  a 
position  to  state ;  it  may  be  looked  on  as  an  evidence  of  abnormal  cardiac 
response,  as  healthy  hearts  quite  regularly  show  a  distinct  diminution  in 
size  after  exercise. 

Various  explanations  have  been  advanced  to  account  for  the  discrep- 
ancy between  the  increased  size  of  the  heart  as  shown  by  percussion  and 
the  actual  findings  as  shown  by  the  more  objective  methods.  Herz,-^ 
Eomberg,^^  Hoffman^*  and  other  authors  have  cautioned  against  the 
fallacy  into  which  one  is  easily  led,  especially  in  cases  of  overacting 
hearts  where  the  force  and  transmission  of  the  apical  impulse  to  the 
left,  or  as  some  describe  it,  its  "irradiation,"  give  the  impression  of 
cardiac  enlargement.  One  is  more  prone  to  make  such  an  error  in 
cases  with  narrow,  flat  chests  in  which  the  heart  has  perhaps  assumed 
a  position  absolutely  nearer  to  the  axilla  because  of  lessened  capacity  of 
the  thorax,  and  in  which  for  the  same  reason  the  apex-beat  has  acquired 
a  more  lateral  position  in  relation  to  the  nipple.  In  addition,  on  exer- 
tion, with  its  resultant  dyspnea,  a  transitory  emphysema  is  produced 
whereby  the  diaphragm  is  pressed  downward,  pulling  with  it  the  apex  of 


21.  In  the  estimation  of  heart  size  we  have  utilized  the  transverse  diameter 
of  the  heart  rather  than  the  superficial  heart  area,  as  recommended  by  Moritz  and 
Dietlen,  owing  to  the  errors  inherent  in  the  latter  method. 

22.  Herz:   Med.  Klin.,  1903,  p.  778. 

23.  Romberg:   Deutsch.  med.  Wchnschr.,   1908,  No.  47. 

24.  Hoflfman:    Kongress  f.   inn.  Med.,   1902,  xx. 
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the  heart,  thus  creating  the  impression  of  enlargement,  which  is  in  fact 
only  a  displacement.  These  observations  have  special  point  in  connection 
with  orthostatic  albuminuria,  in  which  all  observers  who  have  used  the 
a:-ray  for  determination  of  heart  size  have  without  exception  failed  to 
find  the  heart  enlarged,  as  opposed  to  those  who  by  percussion  frequently 
found  the  opposite.  A  concrete  example  in  one  of  our  cases  will  illus- 
trate this  liability  to  error: 

Case  4  is  a  boy  aged  14  years,  tall,  rapidly  growing,  with  the  flat,  narrow 
chest  which  we  have  found  so  frequently  in  these  cases,  and  which  appears  to  be 
accentuated  at  puberty.  Careful  examination  shows  an  overacting  heart,  a  some- 
what diffuse  apical  impulse,  heaving  in  character,  the  left  border  percussing  one 
finger  outside  the  nipple  line. 

Such  a  heart  might  on  purely  clinical  grounds  be  considered  enlarged. 
An  orthodiagram,  however,  reveals  a  heart  normal  in  shape  and  size, 
but  one  which,  owing  to  the  narrowness  of  the  chest,  appears  to  occupy 
more  space  than  is  allotted  to  the  heart  in  a  chest  of  normal  capacity; 
it  therefore  appears  nearer  the  axilla,  the  heart  being  relatively  too 
large  for  the  thorax.  Exactly  similar  conditions  obtain  in  Case  8,  a 
tall  narrow-chested  10-year-old  girl.  The  same  explanation  will  apply 
to  our  finding  so  many  small  hearts ;  they  are  absolutely  smaller  for  the 
height  of  the  child,  but  relatively  to  the  narrow  chest  they  are  normal 
in  size. 

THE   JUVENILE  HEART 

It  appears,  therefore,  that  the  foregoing  results  fail  to  disclose  any 
evidence  of  cardiac  enlargement  in  the  great  majority  of  cases.  The  few 
exceptions,  however,  to  one  of  which  reference  was  made  in  an  earlier 
part  of  this  article,  are  worthy  of  careful  consideration,  because  they 
illustrate  a  definite  heart  type  which,  both  as  to  morphology  and  func- 
tion, stands  in  marked  contrast  to  the  rest  of  our  cases.  These  are 
Cases  9,  17  and  18. 

Although  only  one  of  these  (Case  18)  shows  orthodiagraphically  a 
definite  enlargement  of  the  heart,  there  is  undoubted  evidence  of  left 
ventricular  hypertropliy  in  all  of  them.  Viewed  on  the  fluoroscopic 
screen  one  is  immediately  impressed  by  the  deliberate  forcible  pulsation 
of  the  left  ventricle,  by  the  rounded  blunt  apex  and  by  the  transverse 
position  and  oval  shape  which  the  heart  has  assumed  (see  Fig.  1  and 
compare  with  Fig.  2).  These  are  all  classical  signs  of  left  ventricular 
hypertrophy,  combined  in  Case  18  with  moderate  dilatation.  What  is 
the  significance  of  these  changes  in  heart  action  and  shape? 

Under  the  name  of  "Wachstumshypei-trophie"  or  juvenile  heart, 
Krehl"  has  described  a  type  of  case  in  which  an  enlarged  heart  occurs 
at  or  about  the  age  of  puberty,  in  the  absence  of  nephritis  or  other 


25.  Krehl:  Xothnagel's  System,  xv,  391. 
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usual  cause  of  left  ventricular  hypertrophy.  In  a  large  series  of  boys  he 
was  able  to  find  a  number  in  whom  the  heart  was  enlarged  to  percussion. 
In  others  in  whom  no  enlargement  was  demonstrable,  there  was  distinct 
evidence,  however,  in  the  heaving  impulse  and  in  the  accentuated  basic 
sounds,  of  left  ventricular  hypertrophy.  In  those  cases  in  which  the  apex 
impulse  was  not  heaving,  although  the  heart  percussed  beyond  the  nipple, 
it  was  assumed  that  dilatation  predominated  over  hypertrophy.  Some 
of  these  cases  had  subjective  symptoms,  others  had  none,  but  in  Krehl's 
experience  their  presence  in  every  instance  was  associated  with  the  heart 
changes  described. 

Our  three  patients  above  referred  to,  only  one  of  whom  complained 
of  any  subjective  symptoms,  correspond  well  to  the  Krehl  type.     They 


Fig.  1  Fig.  2 

Fig.  1. — Orthocardiogram  of  "Juvenile  Heart."     Transverse  diameter  1.5  cm. 
greater  than  normal.     Shows  transverse  position,  rounded  apex,  and  deliberate, 
powerful  pulsation  characteristic  of  left  ventricle  hypertrophy. 
Fig.  2. — Orthocardiogram  of  normal  heart. 

comprise  a  group  in  which  probably  only  transitory  heart  changes  occur, 
dependent  on  the  disproportionate  development  of  the  circulatory  organs 
and  the  rest  of  the  body.  In  some  cases  this  leads  to  an  eflficient  hyper- 
trophy; the  heart  being  equal  to  the  increased  demands  made  on  it.  In 
others  this  hypertrophy  is  insufficient  and  subjective  symptoms  develop. 
We  are  still  more  assured  that  these  three  cases  correspond  to  the 
juvenile  heart  of  Krehl,  from  the  observations  of  Schwartz.^^  The  latter 
has  made  orthodiagraphic  tracings  of  these  hearts  and  insists  that  the 
fluoroscopic  appearance  above  described  is  characteristic  of  this  condi- 
tion, and  that  by  this  means  only  can  it  be  definitely  diagnosticated. 
This  is  a  point  worthy  of  emphasis.    By  the  ordinary  methods  of  heart 

26.  Schwartz:    In  von  Jagic's  Handbuch  der  Herz  und  Gefasserkrankungen, 
Vienna,  1912,  p.  436. 
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examination  the  pure  h5^pertroph3^  without  cardiac  enlargement  in  these 
cases  might  easily  be  overlooked,  whereas  the  above-described  character- 
istic heart  silhouette  effectively  decides  the  diagnosis. 

EXAMINATION  OF   HEART  EATE  AFTER  EXEETIOlsr 

All  who  have  \vi'itten  on  the  subject  of  orthostatic  albuminuria  are 
agreed  that  in  the  cases  characterized  by  cardiovascular  disturbances,  the 
most  constant  feature  is  the  variability  of  the  pulse,  its  so-called  'labil- 
ity" (instability).  By  this  term  (German  "Lahilitdt")  is  understood 
the  tendency  of  the  pulse  to  become  much  more  rapid  and  poor  in 
quality  after  very  slight  exertion.  In  cases  showing  this  phenomenon, 
after  simple  exercise,  as  running  up  and  down  a  few  flights  of  stairs,  it 
may  be  impossible  to  count  the  pulse  at  the  wrist,  owing  to  its  extreme 
rapidity  and  smallness.     In  its  most  marked  form,  change  in  posture 

Table  3. — Pulse  Eate  Recumbent,  Standing  and  After  Exercise  in  Cases 
OF  Orthostatic  Albuminuria* 

Case                 Pulse  Pulse         Pulse  Case  Pulse  Pulse  Pulse 

Rate  in         Rate          Rate  Rate  in         Rate  Rate 

Recumbent  Stand-        after  Recumbent  Stand-  after 

Position         ing  Exercise  Position         ing  Exercise 


1    68  72  124  16 

2   78  80  100  17 

3   92  92  184  18 

4   92  96  160  20 

5   76  76  72  22 

6   80  100  152  23 

7   78  86  128  25 

8    88  100  108  26 

9    88  88  132  27 

10 96  104  144  30 

11    80  84  148  31 

12   96  120  172  32 

13   100  104  1  33 

15   140  140  195  34 


72 

80 

144 

68 

72 

136 

120 

120 

148 

112 

124 

156 

76 

88 

84 

84 

100 

88 

100 

100 

96 

80 

84 

100 

80 

80 

160 

120 

120 

120 

88 

96 

132 

80 

112 

150 

80 

88 

96 

80 

80 

168 

*Cases  1  to  15  are  those  which  show  cardiac  symptoms  or  physical  signs. 

from  the  recumbent  to  the  upright  is  said  to  result  in  a  disproportinate 
rise  in  pulse-rate.  To  this  symptom  Thomayer  gave  the  name  "ortho- 
static tachycardia."  FischP^  found  this  instability  to  be  an  almost  con- 
stant symptom,  the  pulse  becoming  smaller  and  more  rapid  by  25  to  30 
beats,  while  Pelnar^"  in  sixteen  cases  was  able  at  times  to  note  an  actual 
doubling  of  the  pulse-rate.  The  effect  on  the  pulse  of  the  change  of  posi- 
tion from  the  horizontal  to  the  upright  is  of  special  interest,  because  the 
albuminuria  in  these  cases  is  so  closely  related    to  posture. 

In  Table  3  in  the  first  column  are  given  the  pulse-rates  in  the  reclin- 
ing position.  The  rates  resulting  from  a  change  to  the  upright  posi- 
tion are  seen  in  the  next  column.    These  figures  show  in  the  first  place 


27.  Pelnar:  Centralbl.  f.  inn.  Med.,  1905,  p.  1025. 
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that  practically  all  the  patients  have  approximately  normal  heart-rate 
when  resting.  The  increase  in  rate  on  standing  in  the  entire  group 
varied  between  0  and  32  (average  7).  In  the  cases  showing  cardiovas- 
cular disturbances  the  increase  varied  from  0  to  24  (average  7).  It  will 
be  seen  that  the  cases  showing  symptoms  differ  in  no  wise  from  the 
remainder  of  the  group  of  albuminurics.  We  have  as  a  control  examined 
the  pulse-rates  in  ten  perfectly  healthy  normal  children  9  to  14  years 
of  age,  and  found  that  the  rate  after  changed  positions  was  increased 
from  0  to  16  beats  (average  8.4) ;  in  other  words,  slightly  greater 
increase  than  in  albuminurics.  The  increase  in  rate  in  our  cases  of 
albuminuria  can  therefore  in  no  manner  be  considered  excessive. 

There  are  also  numerous  figures  available  for  comparison  in  the 
literature :  Dietlen^^  in  adults  finds  a  normal  variability  of  8  to  40  beats, 
with  an  average  of  18;  Guy-^  found  a  range  of  4  to  44  and  Shapiro^*^ 
10  to  30  beats.  It  is  therefore  evident  that  our  cases  do  not  show  any 
marked  instability  on  change  of  posture.  We  have  no  doubt  that  unusual 
environment  and  the  nervousness  attendant  on  it,  which  we  have  taken 
pains  to  eliminate,  can  easily  lead  to  error,  as  those  hearts  which  at  rest 
are  unduly  rapid  show  a  proportionate  increase  on  change  of  posture. 

In  the  third  column  of  Table  3  are  tabulated  the  pulse-rates  after 
exercise,  which  consisted  in  running  up  and  downstairs,  as  noted  before. 
The  average  increase  in  the  cases  with  cardiac  disturbance  is  48  beats 
per  minute,  whereas,  in  the  remainder  the  pulse-rate  increased  but  23 
beats  per  minute.  Eesults  such  as  this  would  at  first  glance  seem  to 
point  clearly  to  an  abnormal  irritability  of  these  hearts  and  would 
seem  to  correspond  well  with  the  description  given  by  the  Germans  to 
cases  of  pulse  instability.  However,  when  we  examined  the  pulse-rates 
in  perfectly  normal  children  used  as  controls,  we  were  much  surprised 
to  find  that  in  them  the  increase  in  rate  even  exceeded  that  occurring  in 
the  orthostatic  albuminuria  cases,  the  healthy  children  showing  an  aver- 
age increase  of  50  beats  per  minute.  Mere  numerical  increase  in  pulse- 
rate,  therefore,  cannot  be  taken  as  a  criterion  of  instability  in  these  cases. 

From  all  the  foregoing  it  might  be  suspected  that  our  cases  are  in 
reality  not  of  the  same  class  as  described  by  Martins  as  dilatative  weak- 
ness, since  we  have  shown  that  both  as  to  heart  size  and  pulse-rate  our 
results  are  not  in  accord.  However,  when  we  take  into  account  the 
character  of  the  pulse  before  and  after  exertion,  and  especially  when  we 
compare  the  pulse  with  the  cardiac  action,  both  as  evident  to  inspection 
and  to'  the  tr-ray,  we  are  impressed  by  the  fact  that  our  cases  and  those 
of  Martins  are  the  same.    A  large  percentage  of  our  patients  after  run- 


28.  Dietlen:  Deutsch.  Arch.  f.  klin.  Med.,  1909,  xcvii. 

29.  Guy:  Guy's  Hosp.  Reports,  1838. 

30.  Shapiro:  Wratsch,  1881   ( quoted  by  Dietlen ) . 
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ning  the  stairs  presented  a  characteristic  picture  of  extreme  fatigue  and 
dyspnea.  The  pulses,  which  had  previously  been  fairly  strong,  became 
weak  and  thready,  so  that  in  several  instances  the  pulse  could  not  be 
counted  at  the  wrist.  At  times  irregularity  of  the  pulse  also  occurred. 
Not  only  was  the  apex  impulse  in  many  of  these  children  with  weak 
pulses  extremely  forcible,  but  the  a:-ray  revealed  markedly  overacting 
hearts.  This  paradoxical  condition  of  pulse  and  apex,  which  has  been  so 
frequently  emphasized  by  European  observers,  therefore  appears  to  be  a 
characteristic  symptom  of  this  condition. 

EXAMINATION  OF  THE   SHAPE  OF  THE  HEAET 

Aside  from  the  information  we  have  acquired  concerning  the  size 
and  functional  capacity  of  the  heart,  a;-ray  study  of  our  cases  has  revealed 
some  interesting  features  concerning  heart  shape.    It  is  well  known  from 


Fig.    3. — Orthocardiogram   of   "Drop    Heart."     Transverse    diameter   8.8   cm. 
Normal  is  12.5  cm.     Note  position  of  fifth  rib. 

the  works  of  Yeith  and  Reyher^^  that  the  commonest  form  of  the  heart 
silhouette  in  childhood  is  that  of  an  obliquely  placed  oval  (Fig.  2) ;  less 
commonly  hearts  of  a  rounded  shape  occur;  and  still  more  rarely  the 
heart  assumes  either  a  transverse  or  a  vertical  position.  The  study  of 
the  heart  shape  in  our  cases  shows  in  quite  a  number  a  striking  deviation 
from  this  normal  type.  This  abnormality  consists  in  the  tendency  that 
the  hearts  show  to  assume  a  more  median  position  in  the  chest,  the  apex 
of  the  organ  appearing  relatively  lower,  thus  causing  a  vertical  position 
of  the  heart  axis.  This  gives  the  heart  a  drawn-out,  narrow  appearance, 
which,  coupled  with  the  elongation  of  the  great  vessels,  results  in  a  dis- 
tinctive heart  picture  which  has  been  aptly  termed  by  the  Germans  the 
drop  heart   (Tropfenherz) .     This  condition    (Fig.   3),  or  one  closely 


31.  Reyher:  Jahrb.  f.  Kinderh.,  1906,  Ixiv. 
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approaching  it,  we  have  found  in  ten  of  our  cases,  about  30  per  cent., 
contrary  to  the  report  of  Fischl,^^  who  was  unable  to  find  such  hearts 
in  cases  of  orthostatic  albuminuria. 

The  drop  heart  has  for  many  years  been  well  known  to  the  Germans^ 
especially  through  the  writings  of  Kraus,^^  by  whom  it  has  been  asso- 
ciated with  narrow-chested  individuals,  showing  the  neurasthenic  habitus, 
who  reveal  various  stigmata  of  constitutional  weakness  in  which  the 
heart  is  supposed  to  participate.  Our  findings,  therefore,  of  such  a  large 
percentage  of  vertical  or  drop  hearts  is  of  particular  interest,  in  view  of 
the  fact  that  it  occurs  in  the  very  type  of  child  which  Martins  has 
characterized  as  constitutionally  weak. 

CONCLUSIONS 

Eeviewing  briefly  the  results  of  our  investigations,  we  believe  the 
following  conclusions  are  warranted: 

1.  In  a  series  of  cases  of  orthostatic  albuminuria  selected  at  random, 
it  will  be  found  that  a  considerable  number  present  evidence  of  relative 
cardiovascular  insufficiency. 

2.  These  symptoms,  in  the  great  majority  of  cases,  are  not  associated 
with  any  hypertrophy  or  dilatation  of  the  heart.  On  the  contrary,  the 
heart  is  in  many  cases  smaller  than  normal;  nor  does  it  show  any  gross 
evidence  of  weakness  as  dilatation  after  exercise,  an  explanation  sug- 
gested by  previous  investigators. 

3.  Although  the  hearts  do  not  dilate  after  exercise,  a  considerable 
number  of  them  fail  to  become  smaller  under  these  conditions.  This 
failure  to  contract  may  perhaps  be  looked  on  as  a  restriction  of  the  field 
of  cardiac  response. 

4.  The  condition  known  as  the  juvenile  heart  or  '^Wachstushyper- 
trophie"  occurred  three  times  in  our  cases  and  can  be  distinctly 
recognized. 

5.  The  conception  of  pulse  or  heart  instability  must  be  restricted  to 
a  tendency  of  the  pulse  to  become  smaller  and  impalpable  after  exercise^ 
a  condition  which  we  have  found  very  common. 

6.  In  30  per  cent,  of  the  cases  we  have  found  hearts  of  the  drop  type^ 
especially  associated  with  other  stigmata  of  constitutional  maldevelop- 
ment. 

In  conclusion  we  wish  to  express  our  thanks  to  Dr.  Leopold  Jaches  of  the  x-vay 
department  of  Mount  Sinai  Hospital  for  numerous  courtesies  extended  to  us 
during  the  course  of  our  work. 

54  West  Ninety-First  Street — 122  West  One  Hundred  and  Eighteenth  Street. 


32.  Kraus:    Med.  klin.,   1905,  No.   50;    also  Gedenkschrift  fur  von  Leuthold, 
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A  PEELIMINARY  EEPORT  ON  THE  EFFECT  OF  STRYCHNIN 
AND  DIGITALIS  ON  MAN  * 

DAVID  MAEVIN,  M.D. 

BUEUNGTON,   VT. 

It  is  not  the  object  of  this  article  to  enter  into  a  discussion  of  the 
•effect  of  strychnin  or  digitalis  on  the  systems  of  the  body  as  observed  on 
the  lower  animals,  or  to  go  over  the  literature  on  the  subject,  but  to 
report  observations  when  these  drugs  were  administered  in  therapeutic 
■doses  to  normal  young  men. 

Before  entering  on  a  report  of  the  findings,  I  desire  to  call  attention 
to  the  fact  that  text-books  on  pharmacology  and  highly  scientific  articles 
pertaining  to  this  subject  are  based  largely  on  experimental  evidence 
furnished  by  the  lower  animals.  This  evidence  has  been  and  is  of 
inestimable  value  in  determining  the  presence  and  the  location  of  an 
effect  and  establishes  a  valid  reason  for  a  continuance  of  the  experi- 
mental work  by  making  observations  on  the  higher  animal,  man. 

In  a  very  few  instances  observations  have  been  made  on  the  normal 
man  and  the  effect  as  seen  has  been  reported.  In  nearly  all  eases,  how- 
ever, such  observations  have  been  on  a  single  case  or  on  a  number  of 
such  cases  under  different  conditions,  thus  making  the  results  of  little 
value.  It  is  only  when  conditions  are  identical  that  a  composite  curve 
becomes  of  value.  I  question  the  advisability  of  accepting  in  all  cases  the 
evidence  of  an  effect  on  respiration,  pulse  and  blood-pressure  furnished 
by  the  lower  animals  as  satisfactory  proof  of  a  similar  action  in  man. 
I  have  arrived  at  this  conclusion  after  careful  observations  of  the  effect 
of  some  of  our  most  important  drugs  on  groups  of  men  and  a  comparison 
with  the  scientific  findings  on  animals. 

I  am  inclined  to  believe  that  this  may  be  the  main  reason  why 
pharmacologists  and  clinicians  have  held  opposite  views  regarding 
important  drugs,  the  pharmacologist  furnishing  conclusive  scientific 
proof  of  action  as  based  on  the  lower  animals,  while  the  clinician  has 
failed  to  furnish  the  necessary  scientific  proof  on  the  diseased  man. 

I  think  that  the  time  is  at  hand  when  pharmacologists  should  estab- 
lish scientific  proof  of  the  effect  of  important  drugs  when  administered 
in  different  doses  on  the  normal  man,  not  that  we  can  infer  that  a 
similar  action  must  necessarily  follow  in  the  diseased  man,  but,  from  the 


*From  the  Department  of  Pharmacology,  College  of  Medicine,  University  of 
Vermont. 

•Manuscript  submitted  for  publication  in  The  Abchives,  Feb.  4,  1913. 
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evidence  thus  furnished,  we  will  be  in  the  best  possible  position  to  study 
the  effect  on  the  diseased  man,  compare  the  results  and  determine 
wherein  they  differ.  Until  this  evidence  is  forthcoming  we  cannot  expect 
that  pharmacology  will  be  placed  on  a  highly  scientific  basis. 


STKYCHNIN" 


Strychnin  and  digitalis  are  two  important  drugs,  the  effect  of  which 
seems  to  have  been  in  doubt,  as  voiced  by  both  pharmacologists  and 
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Chart  1. — Curves  showing  the  effect  at  various  time  intervals  of  strychnin  in 
different  doses   on  the   respiration. 

clinicians,  the  majority  of  pharmacologists  claiming  that  strychnin  and 
digitalis  do  not  increase  blood-pressure  while  some  clinicians  claim  to 
have  seen  such  effect.  In  view  of  this  fact  and  the  desire  to  add  to  the 
evidence,  I  submit  the  following  observations  made  on  groups  of  medical 
students  in  the  University  of  Vermont  who  willingly  volunteered  their 
services.     Selection  was  made  to  exclude  those  who  were  under  the 
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influence  of  nicotin.  They  were  all  seated  at  tables  in  the  laboratory 
and  remained  very  quiet  throughout  this  entire  experiment,  thus  making 
the  conditions  identical.  About  twenty  minutes  were  allowed  to  elapse 
before  beginning  observations,  thereby  permiting  respiration,  pulse  and 
blood-pressure  to  return  to  normal.  Three  normal  observations  were  then 
taken.  The  respiration  and  pulse  were  taken  by  students  of  the  section 
who  were  not  taking  the  drug,  while  the  blood-pressure  in  all  cases  was 
taken  by  my  assistant  or  myself. 
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Chart  2. — Curves  showing  the  effect  at  various  time  intervals  of  strychnin  in 
different  doses  on  the  pulse-rate. 

After  completing  the  normal  observations,  strychnin  sulphate  was 
injected  by  hypodermic  into  the  muscular  tissue  of  the  upper  arm. 
Observations  were  then  made  eveiy  five  minutes  on  respiration  and  pulse 
and  every  ten  minutes  on  blood-pressure. 

These  experiments  were  conducted  on  three  different  days,  each  time 
using  a  different  dose  of  strychnin  sulphate. 
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June  3,  1912,  at  9  :13  a.  m.,  ten  men  of  Section  A  received  1/20 
grain. 

June  5,  1912,  at  11 :25  a.  m.,  ten  men  of  Section  B  received  1/30 
grain. 

June  22,  1912,  at  11 :15  a.  m.,  ten  men  of  Section  B  received  1/40 
grain. 


l_ABOFRA-rOI=RV     OF=-     F=H  AF?  M  ACOUOGi  V.  No 

Eiperimenf    S'tri/eAntn€.  No.  Date  ^«y  fe  Table  No.  Trac.  No.  Chart  Ho. 

ii„:n,.i    tti^^     An.Mi,.*:^  \)mi^t>yeA\)Ktmv.gy^o/^c/iS»ei  J/yJbo-    Reporter 

5  60  5  10  15  20  2S  30  .»;  to  li  SO  55  60  /lO  15  20  25  30  35  40  45  ii. 


Animal    TTlQJi     Anesthetic 

MINUIES  5    10    li    20  25  30   35  40  45  30 


Shod  Pressure 


Composite. 


Vormat 


Jiormai 


Chart  3. — Curves  showing  the  effect  on  blood-pressure  of  different  doses  of 
strychnin. 

Nearly  all  who  received  1/40  grain  were  men  who  did  not  receive 
the  drug  on  June  5. 

The  result  of  these  experiments  seems  to  indicate  that  strychnin  in 
doses  of  1/40,  1/30  and  1/20  grain  has  no  appreciable  effect  on  the  rate 
of  respiration  (Chart  1).  There  is  an  average  slowing  of  the  pulse-rate 
of  five  beats  per  minute  from  1/40  grain,  seven  beats  per  minute  from 
1/30  grain  and  eight  beats  per  minute  from  1/20  grain  (Chart  2).  The 
maximum  effect  from  1/40  and  1/30  grain  seems  to  have  been  reached 
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at  the  end  of  forty  minutes,  while  from  1/20  grain  the  composite  curve 
shows  a  downward  tendency  at  the  end  of  the  experiment. 

The  blood-pressure  curve,  taking  the  last  normal  observation  as  our 
standard,  shows  an  increase  of  about  3  mm.  of  mercury  from  1/40  grain, 
13  mm.  from  1/30  grain  and  8  mm.  from  1/20  grain. 

It  will  be  noted  from  the  graphic  chart  (Chart  3)  that  there  was  a 
slight  increase  in  blood-pressure  from  1/40  grain,  a  pronounced  increase 
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Chart  4. — Curves  showing  the  efifect  of    digitalis    on    respiration,    pulse    and 
blood-pressure. 


from  1/30  and  1/20  grain  and  at  the  end  of  the  experiment,  the  blood- 
pressure  was  increasing. 

I  believe  that  this  evidence,  obtained  from  thirty  observations  with 
varying  doses,  is  conclusive  proof  that  strychnin,  when  given  in  the 
above  doses  by  hypodermic  injection,  does  increase  blood-pressure  in  the 
normal  man. 
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A  former  series  of  similar  experiments  conducted  in  like  manner, 
with  the  exception  of  the  method  of  administration,  the  strychnin  being 
given  under  the  tongue,  produced  identical  results.  The  duration  of 
effect  was  shorter,  the  blood-pressure  returned  to  normal  in  forty 
minutes  from  1/30  grain  and  in  one  hour  from  1/20  grain. 

DIGITALIS 

From  experiments  on  groups  of  men  conducted  in  like  manner  as  in 
the  strychnin  experiments,  we  have  failed  to  obtain  any  effect  on  the  rate 
of  respiration  or  pulse  or  any  change  in  blood-pressure  during  one  hour 
and  twenty  minutes  following  the  administration  of  tincture  digitalis. 

The  doses  were  10,  15  and  20  minims,  given  by  stomach. 

These  results  were  anticipated  from  the  knowledge  of  the  active 
principles  present  in  digitalis  and  the  consensus  of  opinion  as  to  the  time 
after  its  administration  before  an  effect  is  supposed  to  occur. 

Having  thus  failed,  we  determined  to  conduct  an  experiment  with  a 
group  of  men,  taking  observations  twice  each  day.  The  object  of  this 
experiment  was,  first,  to  establish  the  presence  of  an  effect,  if  any,  from 
a  single  dose,  and  second,  if  an  effect  was  noticed,  to  determine  how  long 
it  continued. 

The  preparation  used  during  these  experiments  was  a  fresh  tincture 
made  from  Allen's  English  leaves  on  April  12,  1912,  by  W.  H.  Zottman  & 
Co.  of  this  city.  After  obtaining  results  from  this  tincture,  I  desired  that 
it  be  standardized  by  a  disinterested  person,  using  the  same  methods  as 
are  used  by  the  large  manufacturers.  Mr.  P.  S.  Pettenger  of  the  H.  K. 
Mulford  Co.  kindly  volunteered  to  standardize  it  on  guinea-pigs,  which 
he  did,  finding  it  to  be  a  6.9  per  cent,  tincture.  From  this  we  conclude 
that  the  dose  of  20  minims  given  was  equivalent  to  about  14  minims  of  a 
standard  tincture.  Therefore  the  results  obtained  should  be  considered 
as  produced  by  14  minims  instead  of  20. 

A  group  of  men  were  selected  on  May  20,  1912,  under  similar  con- 
ditions as  in  the  strychnin  experiments,  and,  after  obtaining  the  normal 
observations,  they  were  given  at  9 :30  a.  m.  20  minims  of  the  above 
tincture  digitalis. 

At  2  :30  p.  m.  on  the  same  day,  after  this  group  had  listened  to  a 
lecture  for  one  period,  and,  from  previous  instructions,  had  remained 
quiet  in  their  seats,  observations  were  repeated  on  respiration,  pulse  and 
blood-pressure. 

These  observations  were  repeated  on  May  21,  in  the  same  room  and 
under  identical  conditions,  at  10 :30  a.  m.  and  2 :30  p.  m. ;  also  on  May 
22  at  10':30  a.  m. 

The  observations  on  respiration  and  pulse  were  made  by  students, 
while  all  observations  on  blood-pressure  were  made  by  myself. 

A  change  in  the  schedule  of  this  group  on  the  afternoon  of  May  22 
interfered  and  observations  were  not  made  until  May  23  at  10 :30,  when 


424  THE     ARCHIVES     OF     INTERNAL     MEDICINE 

the  average  blood-pressure  was  found  to  be  normal.  This  last  observation 
is  excluded  from  the  graphic  chart. 

After  a  careful  study  of  our  findings,  I  determined  to  repeat  the 
experiment  under  similar  conditions,  but  with  a  different  group  of  men 
and  have  Dr.  Bush,  my  assistant,  take  all  observations  on  blood-pressure, 
that  he  might  disprove  or  verify  my  findings.  This  was  done  on  May  27, 
28  and  29. 

The  results  from  this  group  were  found  to  correspond  with  our  first 
gi'oup,  as  will  be  seen  from  the  graphic  chart  which  represents  all  obser- 
vations (Chart  4). 

It  will  be  noted  that  an  average  increase  in  blood-pressure  of  13  mm. 
Hg  occurred,  which  reached  its  height  in  five  hours,  and  that  it  did  not 
return  to  normal  until  after  fifty  hours  had  passed. 

This  increase  occurred  in  seventeen  out  of  eighteen  cases,  and  in 
thirteen  the  greatest  effect  was  noticed  at  the  end  of  five  hours,  thus 
proving  that  the  old  idea  of  the  maximum  effect  appearing  in  twenty- 
four  hours  is  erroneous. 

A  slowing  in  the  pulse  of  eight  beats  per  minute  was  obtained  with 
practically  no  effect  on  rate  of  respiration. 

Controls  were  used  in  all  these  experiments,  which  show  little  or  no 
variation  from  a  straight  line.  Such  slight  variation  as  occurred  did 
not  conform  to  the  composite  curve  showing  drug  effect. 

I  regret  that  the  strychnin  experiments  were  not  conducted  over  a 
longer  period  of  time,  that  the  maximum  height  in  blood-pressure  and 
its  duration  could  have  been  determined,  but  this  was  made  impossible 
by  our  schedule.  It  is  my  purpose  to  conduct  further  experiments  in  the 
near  future  with  this  idea  in  view. 

ST7MMABY 
STBYCHNIN 

No  effect  on  the  rate  of  respiration,  except  from  1/20  grain,  which 
produced  an  average  increase  of  one  per  minute.  This  effect  was  not 
constant,  a  drop  occurred  occasionally,  which  was  due  largely  to  individ- 
ual fluctuations  occurring  at  the  same  time  and  without  apparent  cause. 

A  slowing  of  the  pulse-rate  from  all  doses. 

A  marked  increase  in  blood-pressure  from  1/30  and  1/20  grain. 
Practically  no  effect  from  1/40  grain. 

DIGITALIS 

No  effect  on  the  rate  of  respiration. 

A  slowing  in  the  pulse-rate  of  eight  beats  per  minute. 

A  marked  increase  in  blood-pressure  which  reached  its  maximum  in 
five  hours,  gradually  returning  to  normal  after  fifty  hours. 

A  persistence  of  action  for  fifty  hours  from  a  single  dose  of  14 
minims  of  a  standard  tincture  digitalis. 


HUMAN    BOTEYOMYCOSIS    OF    THE    LIVEE  * 
EUGENE     L.     OPIE,    M.D. 

ST.   LOUIS 

The  disease  of  horses  subsequently  known  as  botryomycosis  was  first 
described  by  Bollinger^  in  1870.  He  found  multiple  grayish-white  fibrous 
nodules  in  the  lung  of  a  horse.  Areas  of  softening  occurred  within  the 
nodules  and  in  the  pus  were  yellow  white  granules  which  were  just  visible 
and  resembled  the  yellow  granules  of  actinomycosis.  Examined  under 
the  microscope  these  granules  do  not  exhibit  the  characteristic  appear- 
ance of  the  "ray  fungus,"  but  are  composed  of  coccus-like  bodies  sur- 
rounded by  a  homogeneous  medium,  which,  regarded  as  a  capsule,  collects 
the  microorganism  into  a  zooglea  mass.  On  the  surface  of  the  granule 
are  rounded  projections  which  give  it  a  mulberry-like  form.  A  disease 
characterized  by  the  presence  of  this  microorganism  is  not  uncommon  in 
horses  and  in  some  countries,  particularly  in  the  tropics,  affects  the 
human  skin.  The  disease  in  man  has  not  been  described  in  this  country 
and  in  none  of  the  instances  observed  elsewhere  has  it  attacked  an 
internal  organ. 

Botryomycosis  is  described  in  text-books  of  veterinary  medicine.^  It 
occurs'  occasionally  in  cattle  and  swine.  Several  writers  make  the  state- 
ment that  actinomycosis  is  not  uncommon  in  cattle  and  infrequent  in  the 
horse,  whereas,  the  similar  lesion  of  botryomycosis  is  frequent  in  the 
horse  and  uncommon  in  cattle.  Firm  nodules  are  formed  in  the  skin, 
particularly  in  regions  where  it  is  subjected  to  continued  rubbing  of  the 
harness ;  for  example,  below  the  collar,  and  after  the  skin  has  broken  and 
pus  is  discharged,  infection  is  transferred  to  other  parts  of  the  skin 
exposed  to  like  friction,  the  microorganism  being,  presumably,  rubbed 
into  the  ducts  of  cutaneous  glands.  Infection  of  wounds  occurs  and  the 
development  of  a  slowly  growing  fibrous  tumor  or  botryomycoma  has 
been  repeatedly  observed  in  geldings  at  the  site  of  the  cut  end  of  the 
spermatic  cord.  Botryomycosis  occurs  in  organs  not  obviously  exposed  to 
infection,  for  example,  the  udder. 
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The  newly-formed  mass  of  fibrous  tissue  is  usually  situated  in  the 
subcutaneous  tissue,  but  may  extend  into  the  muscles.  Tumor-like 
masses,  weighing  from  30  to  60  pounds,  are  described.  The  lesion  arising 
at  the  cut  end  of  the  spermatic  cord  may  extend  along  the  inguinal  canal 
to  the  peritoneum.  The  swelling  consists,  in  large  part,  of  dense  fibrous 
tissue,  but  all  the  elements  of  an  infectious  granuloma,  including  epith- 
elioid and  giant  cells,  are  represented.  Formation  of  pus  occurs  par- 
ticularly about  the  ■colonies  of  microorganisms,  and  fistulous  suppurating 
canals  often  penetrate  the  lesion  and  open  on  its  surface.  Numerous 
nodules  may  be  formed  in  the  skin  near  the  primary  lesion.  Regional 
l3rmphatic  nodes  may  enlarge  and  form  foci  of  suppuration,  but  more 
frequently  the  lymphatics  and  lymphatic  nodes  are  unaffected. 

Botryomycosis  of  the  horse  occasionally  occurs  in  the  internal  organs 
and  is  usually  secondary  to  infection  of  the  skin  or  of  a  wound.  Primary 
botryomycosis  of  internal  organs  has  been  observed  rarely.  Secondary 
nodules  have  been  found  in  the  kidneys,  liver  and  spleen,  in  bones  and  in 
other  organs  usually  in  association  with  infection  of  the  spermatic  cord. 
Simultaneous  development  of  the  lesion  in  a  number  of  organs  has  been 
observed  in  several  instances. 

Peculiar  to  botryomycosis  are  the  minute  yellowish-white  lobulated  or 
mulberry-like  granules  composed  of  cocci  held  together  by  a  homogeneous 
material  which  is  often  conspicuous  as  a  clear  layer  at  the  periphery  of 
the  body,  the  whole  having  the  appearance  of  a  colony  of  micrococci. 
W.  Ernst^  points  out  that  the  smallest  masses  of  cocci  are  not  surrounded 
by  the  encapsulating  material  which  stains  with  acid  dyes  such  as  eosin 
or  picric  acid,  but  form  this  material  at  a  later  stage.  The  rounded 
projections  on  the  surface  of  these  bodies  giving  them  their  mulberry-like 
form  are  produced  by  multiplication  of  cocci  within  the  capsule,  distend- 
ing and  rupturing  it  at  certain  points,  for  in  favorable  sections  he  found 
bacteria  uncovered  by  the  homogeneous  material  projecting  through  this 
otherwise  intact  medium. 

To  the  peculiar  colony-like  structure  which  has  been  described, 
Bollinger,  finding  it  in  the  lung,  gave  the  name  Zooglea  pulmonis  equi. 
Eivolta*  subsequently  rediscovered  the  same  microorganism  in  a  tumor 
from  the  cut  spermatic  cord  of  a  horse,  and  considering  it  analagous  to 
Actinomyces,  gave  it  the  name  Discomyces  equi.  Johne^  found  the  micro- 
organism in  a  fungoid  growth  from  the  spermatic  cord  of  a  horse  and  in 
nodules  of  the  skin,  and  recognizing  its  coccus  form,  called  it  Micrococcus 
ascoformans.     In  1886,  Eabe^  first  described  cultures  and  inoculation 


3.  Ernst,  W.:     Centralbl.  f.  Bakteriol.,  1908,  xlv,  Part  1,  121. 

4.  Rivolta:     Giorn.  di  anat.  e  fisiolog,  1884,  x,  10.     Quoted  by  Baumgarten. 

5.  Johne:     Ber.  iiber  d.  Vet.  in  Konigh.  Sachaen  fiir  1884;  Dresden  u.  f.  1886 
and  1887.     Quoted  by  Galli-Valerio. 

6.  Rabe.    Deutsch.  Ztschr.  f.  Tiermed,  1886,  xii,  137.    Quoted  by  Galli-Valerio. 
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experiments  made  with  material  obtained  from  the  lesions  of  the  horse. 
The  micrococcus  which  he  obtained  formed  silvery  gray  colonies,  and 
these  later  assumed  a  yellow  tint;  an  opaque  yellow  layer  developed  on 
potato.  Stabbed  into  gelatin  what  was  regarded  as  a  characteristic  change 
occurred;  about  the  line  of  inoculation  there  was  feeble  liquefaction;  a 
cup-like  cavity  shaped  like  a  tulip  being  formed  near  the  surface.  All 
cultures  had  an  odor  recalling  that  of  strawberries.  ]^o  capsule  resem- 
bling that  seen  in  the  tissues  was  formed  in  cultures.  Inoculation  into 
small  animals  caused  immediate  death  or  formation  of  an  abscess.  In 
the  horse,  however,  a  tumor  similar  to  that  which  occurred  spontaneously 
was  produced  at  the  site  of  inoculation  and  contained  the  characteristic 
capsulated  masses  of  micrococci.  Rabe  named  the  microorganism  Micro- 
coccus hotnjogenes.  Similarly  successful  inoculation  experiments  have 
been  performed  by  Kitt,'^  de  Jong^  and  others,  but  the  distinctive  cultural 
characters  described  by  Eabe  have  not  been  confirmed. 

Eatt  regards  the  organism  as  a  variety  of  Staphylococcus  pyogenes 
aureus.  Galli-A^alerio,^  who  has  studied  the  cultural  characters  of  an 
organism  obtained  from  a  typical  human  lesion  of  the  skin  containing 
characteristic  masses  of  cocci,  has  found  no  distinctive  cultural  peculi- 
arities and  agrees  with  the  view  of  Kitt.  Poncet  and  Dor^*^  first  isolated 
the  organism  from  a  human  lesion  of  the  skin  and  produced  on  the  udder 
of  a  she-ass  a  pedunculated  growth  which  was  not  examined  microscopi- 
cally ;  they  regard  the  microorganism  as  a  distinct  species.  Baumgarten^^ 
expresses  the  view  that  the  microorganism  is  undoubtedly  a  distinct 
species  belonging  to  the  same  group  as  Staphylococcus  pyogenes  aureus, 
but  regards  as  distinctive  its  capacity  to  form  within  the  tissues  a 
gelatinous  membrane  about  colonies  of  cocci.  This  view  being  accepted, 
the  term  botryomyces  is  not  applicable  to  the  microorganism.  The  name 
botryocycosis  applied  to  the  disease  is,  like  actinomycosis,  firmly  estab- 
lished in  the  literature  of  the  subject. 

The  following  case  is  described  because,  in  the  first  place,  doubt  has 
been  expressed  concerning  the  occurrence  of  botryomycosis  in  man  (see 
section  on  pseudobotryomycosis).  The  case,  moreover,  is  apparently  the 
first  recorded  instance  in  which  the  disease  in  man  has  attacked  an 
internal  organ,  in  this  instance  the  liver.  Since  the  disease,  it  appears, 
has  not  been  observed  in  this  country,  the  case  may  direct  attention  to 


7.  Kitt:     Centralbl.  f.  Bikteriol.,  1888,  iii,  177.    Monatsch.  f.  prakt.  Tierheilk. 

8.  De    Jong:    Diss.    Giessen,    1899.      Quoted    by    Baumgarten    1890,    i.    148. 

9.  Galli-Valerio:   Centralbl.  f.  BakterioL,   1902,  xxxi,  Part  1,  p.  508. 

10.  Poncet  and  Dor:  XI  congr.  francais  de  chirurgie,  Paris,  1897;  Lyon  m^d., 
1897,  No.  43,  p.  213  and  1898,  Xo.  5,  p.  145;  Arch.  gen.  de  m^d.,  1900,  iii,' 129,  274. 
Quoted  by  Galli-Valerio. 

11.  Baumgarten:      Lehrbuch   der  pathogenen  Mikroorganismen,  Leipzig,   1911. 
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other  instances  of  the  same  condition.  There  is  no  complete  record  of 
the  autopsy  performed  on  the  patient.  Unfortunately  no  cultures  were 
made  at  the  time  of  autopsy. 

CASE  REPORT 

The  patient,  a  girl  aged  11  years,  from  Sabula,  Mo.,  was  admitted  to  the 
St.  Louis  Children's  Hospital  Aug.  27,  1910,  in  the  service  of  Dr.  George  M. 
Tuttle,  who  has  kindly  permitted  me  to  make  use  of  the  accompanying  history. 

History. — The  mother  of  the  child  is  said  to  have  died  of  tuberculous  pneu- 
monia.    She  has  a  father  and  one  sister  in  good  health. 

In  the  spring  over  one  year  before  her  admission  the  patient  had  scarlet  fever 
and  has  not  been  well  since  that  time.  She  has  been  losing  weight  and  strength 
since  last  November,  when  she  is  thought  to  have  had  malaria.  Her  appetite  has 
been  poor  and  at  times  she  has  had  fever.  She  has  had  severe  pain  in  the 
abdomen  and  there  has  been  pain  at  times  in  the  right  side,  at  times  in  the  left. 

No  horses  in  the  vicinity  are  known  to  have  been  diseased.  The  patient 
received  milk  from  a  neighboring  farm;  one  cow  of  the  herd  showed  signs  of 
sickness  during  the  fall  and  died  the  following  spring  "with  a  wasting  disease 
that  affected  her  water." 

Examination. — On  admission  the  patient  was  a  well  developed  girl  but  weak 
and  emaciated,  having  the  appearance  of  a  child  much  older  than  her  real  age. 
The  skin  was  jaundiced  and  dry  and  the  superficial  veins  were  everywhere  much 
congested.  Over  the  body  there  was  desquamation  of  the  epidermis,  and  scattered, 
numerous  small  ulcers  about  the  size  of  a  pin's  head. 

The  entire  epigastric  region  was  distended  by  what  appeared  to  be  a  hard, 
irregular  mass  continuous  with  the  liver  and  extending  into  the  left  hypo- 
chordiac  region.  The  edge  of  the  liver  was  thin,  extended  a  half  finger's  breadth 
below  the  costal  margin  in  the  mammaiy  line  and  approached  to  within  about  a 
centimeter  of  the  crest  of  the  ilium  in  the  axillary  line.  There  was  marked 
rigidity  and  tenderness  over  the  entire  abdomen,  most  severe  in  the  epigastric 
region  and  in  the  neighborhood  of  the  left  kidney  where  the  pain  was  so  severe 
that  palpation  was  impossible. 

Respiration  was  rapid,  40  to  the  minute,  and  very  shallow.  With  deep 
respiration  there  was  pain  referred  to  the  swelling  in  the  epigastrium.  The 
intercostal  spaces,  the  depressions  above  and  below  the  clavicle,  and  the  supra- 
sternal notch  were  much  depressed.  There  was  well-marked  bulging  of  both 
sides  of  the  chest  at  its  base,  more  marked  on  the  right  side.  Auscultation  and 
percussion  gave  no  noteworthy  information.  The  apex  beat  of  the  heart  was  dis- 
placed to  the  left  and  was  found  just  outside  the  nipple  line. 

While  in  the  hospital  the  patient  gradually  became  weaker.  Her  appetite 
was  fairly  good.  She  passed  copious  soft  white  or  yellow  stools.  A  stool 
examined  August  31  was  grayish-white  and  contained  fat  crystals  in  abundance; 
there  were  no  bile  pigments. 

The  temperature  was  invariably  between  97  and  98.8  C.  save  on  the  second 
and  third  days  after  admission  (100)  and  on  the  third  day  before  death  (100). 

The  blood  examined  on  August  29  contained  3,272,000  red  blood  corpuscles, 
60  per  cent,  hemoglobin  and  28,400  leukocytes. 

The  urine  while  the  patient  was  in  the  hospital  has  the  following  characters: 
Specific  gravity,  1.008  to  1.015;  albumin,  present;  bile  pigments,  present;  sugar, 
absent;   there  were  granular  casts  and  a  few  leukocytes. 

The  patient  became  unconscious  on  the  morning  of  September  8,  and  died  with 
slow,  gasping  respiration  three  hours  later. 

Necropsy. — A  necropsy  was  performed  by  a  hospital  intern.  A  note  stated 
that  more  than  half  of  the  liver  substance  was  involved  by  a  tumor-like  lesion 
which  was  firm  and  contained  cyst-like  cavities  filled  with  pus.  Similar  abscesses 
were  found  elsewhere.  There  was  hydrops  of  the  gall-bladder.  Only  the  liver, 
which  was  put  in  Kaiserling's  solution,  was  preserved. 
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Liver :  On  the  upper  surface  of  the  liver  near  the  posterior  border  below  and  on 
either  side  of  the  falciform  ligament  is  a  large,  irregular,  puckered  area  approxi- 
mately 10  cm.  across,  where  the  tissue  has  a  deep  yellow  color  broken  by  grayish 
depressed    spots.      At    the   margin   of   this   area    surrounding   it   are    low    rounded 


Fig.  1. — Photograph  of  the  cut  surface  of  the  liver  with  botryomycosis.     The 
center  of  th.e  lesion  consists  of  fibrous  tissue;  in  the  periphery  are  abscess  cavities. 


Fig.  2. — Microphotograph  showing  a  botryomycotic  giaiuile  surrounded  by  pus 
and  within  a  cavitv  tlie  wall  of  which  is  formed  1)V  newlv-forined   fibrous  tissue. 


coirtuent  elevations  of  the  liver  substance  often  2  or  3  cm.  across.  The  centers 
of  these  elevations  are  soft,  have  a  yellowish  tint  and  correspond  to  abscess 
cavities  in  the  underlying  tissue.  The  surface  of  the  liver  near  these  abscesses 
shows  in  places  bluish-red  discoloration.     Kemains  of  adhesions  are  attached  to 
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the  surface  of  the  liver  at  the  site  of  the  lesion.  Section  made  transversely 
throush  the  liver  (Fig.  1)  shows  that  an  immense  tumor-like  mass  has  replaced 
the  greater  part  of  the  substance  of  the  organ.  The  cut  surface  of  the  lesion 
has  an  irregularly  semicircular  form  \\\i\\  its  base  corresponding  to  the  upper 
surface  of  the  liver.  Bands  of  fibrous  tissue  radiate  from  the  central  part  of 
the  base  wliich  is  represented  by  the  irregular  puckered  area  seen  on  the  upper 
surface  of  the  organ.  The  tissue  composing  the  lesion  varies  in  different  parts. 
Immediately  below  the  puckered  superficial  area  just  mentioned  there  is  a  narrow, 


Fig.   3. — Drawing   showing   a   botryomycotic   granule   composed   of   coccus-like 
bodies'  held  together  by  a  homogeneous  substance  which  forms  a  capsule. 


Fi?.  4.  I'iK.  r,. 

j.'i„.  4. — Drawing  showing  ])liai:<>fytic  cells  containing  drojilcts  of  fat. 
Fjo-.    5. — Drawing    sliowing    large    fat-containing    cells    wliich    occur    in    large 
number  within  the  ncwlyfornied  fibrous  tissue. 


irregular  zone  of  tougli.  fibrous  tissue.  The  tissue  below  <)eeui)ying  the  center 
of  the  lesion  is  firm  and  consists  of  o])aque  yellow  material  broken  by  numerous 
fil)rou.s  bands  which  in  general  radiate  toward  the  periphery  of  the  lesion.  Fur- 
ther outward  the  tissue  is  less  dense  and  there  are  niinierous  small  cavities  filled 
witli  siift  j)urulent  material.     In  some  places  the  cavities  form  irregular,  elongated. 
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communicating  channels  or  sinuses  separated  by  dense  fibrous  tissue.  At  its 
periphery  the  lesion  has  a  honey-combed  appearance  and  in  places  there  are  large 
abscess  cavities.  The  largest  of  these  cavities  is  2  cm.  across;  it  is  filled  with 
soft  yellowish  pus  and  is  lined  by  yellowish  membrane  about  0.5  mm.  in  thick- 
ness. On  section  not  more  than  one-third  of  the  area  is  represented  by  normal 
liver  tissue.  In  this  liver  tissue  lobulation  is  obscure  and  there  is  a  greenish 
tint  as  if  due  to  jaundice.  In  the  right  lobe  of  the  liver  outside  of  the  main 
mass  of  the  lesion  are  two  large  portal  spaces  within  which  is  an  elongated 
channel  with  opaque  yellow  wall  containing  purulent  material.  Scattered  in  the 
remainder  of  the  lobe  are  minute  abscesses  collected  together  in  several  groups. 

The  gall-bladder  was  found  at  autopsy  to  be  distended,  but  otherwise  showed 
nothing  noteworthy. 

Microscopical  Examination  of  Liver. — The  liver  substance  is  replaced  by 
masses  of  dense  fibrous  tissue  in  which  are  cavities  containing  polynuclear  leuko- 
cytes and  other  cells  surrounding  conspicuous  masses  of  coccus-like  bodies 
( Fig.  2 ) .  The  fibrous  tissue  varies  considerably,  being  in  places  dense  and  poor 
in  cells,  elsewhere  loose  in  texture  and  richly  infiltrated  with  cells.  In  this  con- 
nective tissue  occur  masses  of  large  cells  distended  with  fat  and  so  abundant  that 
they  give  to  the  tissue  the  yellow  color  mentioned  above.  The  size  of  the  abscesses 
and  sinuses  which  contain  the  colonies  of  microorganisms  varies  greatly,  and  in 
the  older  parts  of  the  lesion  there  are  wide  channels  containing  leukocytes  and 
surrounded  by  fibrous  walls  rich  in  cells.  There  is  no  abrupt  line  separating 
the  lesion  from  the  liver  tissue  which  persists.  Liver  cells  at  the  margin 
of  the  lesion  are  compressed,  atrophic  and  often  contain  abundant  brown  yellow 
pigment.  Thickened  strands  of  fibrous  tissue  separate  these  cells  and  in  the 
adjacent  relatively  normal  liver  substance  fibrous  tissue  of  the  portal  spaces 
is   considerably   thickened. 

Botryomycotic  granules  vary  in  abundance  and  size  in  different  parts  of  the 
lesion.  Three  masses,  each  visible  to  the  naked  eye  in  the  stained  specimen, 
the  largest  being  approximately  1  mm.  in  length,  are  grouped  together  in  one 
field  of  the  low  power  (Obj.  3,  Oc.  1).  These  masses  are  composed  of  bodies 
resembling  staphylococci  (Fig.  3)  which  stain  deeply  with  either  hematoxylin 
or  methylene-blue.  At  the  edge  are  the  irregular  rounded  projections  which 
give  a  mulberry-like  form  to  the  entire  mass  when  examined  in  fresh  pus.  In 
some  instances  the  larger  bodies  in  section  appear  to  be  separated  into  several 
isolated  masses.  Micrococci  appear  to  be  less  densely  packed  together  at  the 
center  of  the  mass,  which  stains  less  deeply  than  the  outer  part.  Between 
the  cocci  is  what  appears  as  a  homogeneous  background  which  stains  with 
eosin  or  picric  acid  (van  Gieson's  stain).  In  many  instances  particularly 
about  the  larger  bodies,  this  homogeneous  material  is  conspicuous  at  the  edge 
forming  a  kind  of  capsule  separating  the  cocci  from  the  leukocytes  about. 
The  distinctness  with  which  this  clear  zone  can  be  made  out  varies  much;  in 
places  it  may  be  wholly  lacking.  The  cocci  exhibit  some  variation  in  size 
and  particularly  at  the  margin  of  the  colony  minute  microorganisms  are  found. 

Immediately  about  the  botryomycotic  granules  polynuclear  leukocytes  occur 
in  large  number  (Fig.  2).  Adherent  to  the  surface  of  the  mass  red  blood 
corpuscles  are  frequently  seen.  In  most  instances  it  is  obvious  that  the 
botryomyotic  granule  lies  in  a  small  abscess  cavity  surrounded  by  pus,  for  in 
its  immediate  neighborhood  tissue  has  disappeared  and  the  purulent  exudate 
(in  the  hardened  tissue)  has  occasionally  retracted  from  the  surrounding  wall 
of  fibrous  tissue.  Leukocytes  are  usually  well  preserved,  but  in  places  a  moderate 
number  have  lost  their  nuclei  and  are  in  process  of  disintegration.  Polynuclear 
leukocytes  which  have  ingested  coccus-like  bodies  similar  to  those  which  form 
the  colonies  are  not  infrequent.  Scattered  cocci  are  occasionally  found  outside 
of  cells,  but  in  such  instances  the  leukocytes  in  the  immediate  neighborhood  are 
in  part  necrotic. 
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The  wall  of  the  abscess  is  formed  by  fibrous  tissue  containing  numerous  cells. 
In  contact  with  the  cavity  are  large  cells  with  large  oval  or  slightly  irregular 
vesicular  nuclei  and  abundant  protoplasm.  These  cells  (macrophages)  are 
phagocytic  and  contain  within  their  substance  red  blood  corpuscles,  nuclear 
fragments  and  remains  of  cells,  still  recognizable  as  polynuclear  leukocytes 
(Fig.  4).  They  occasionally  contain  cocci  similar  to  those  which  form  the 
colonies.  The  regularity  and  thickness  of  iliis  zone  of  mononuclear  cells  varies 
greatly.  The  loose  fibrous  tissue  in  the  wall  of  some  large  abscess  cavities 
is  thickly  infiltrated  over  a  wide  area  with  cells  having  the  characters  just 
described.  Many  of  these  cells  are  of  very  large  size,  four  or  five  times  the 
diameter  of  a  polynuclear  leukocyte  and  distended  with  the  remains  of  many 
ingested  cells,  some  of  which  are  still  recognizable  as  polynuclear  leukocytes. 
Similar  cells  are,  in  places,  vacuolated,  vacuoles  being  formed  by  fat  recogniz- 
able by  the  usual  reactions. 

In  places  the  connective  tissue,  perhaps  in  contact  with  the  zone  of  phagocytic 
cells  surrounding  an  abscess,  is  closely  packed  with  very  large  cells,  whose 
protoplasm  is  replaced  by  vacuoles.  These  vacuolated  cells  occurring  in  the 
meshes  of  loose  fibrous  tissue  give  it  some  resemblance  to  adipose  tissue.  The 
nuclei  of  these  cells  (Fig.  5)  are  oval  or  slightly  irregular  in  outline  and  situ- 
ated near  the  center  of  the  cell.  The  protoplasm  stains  faintly,  being  almost 
entirely  replaced  by  vacuoles  which  may  be  so  small  that  they  give  the  proto- 
plasm a  finely  granular  appearance,  or  so  large  that  they  distend  the  cell. 
Occasionally  these  vacuolated  cells  are  unusually  large  and  have  several  nuclei, 
from  two  to  as  many  as  six,  collected  near  the  center  of  the  cell.  In  tissue 
containing  these  large  vacuolated  cells  plasma-cells  occur  scattered  in  consider- 
able number  among  them.  Sections  of  the  dense  yellow  tissue  (see  description 
of  gross  appearance)  containing  masses  of  the  vacuolated  cells  which  have  been 
described,  exhibit  when  stained  with  Scarlach  R.  or  Sudan  III,  large  red  areas 
occupying  a  considerable  proportion  of  the  tissue.  Microscopic  examination 
shows  tnat  the  cells  which  by  usual  methods  are  vacuolated  are  filled  with 
fat  in  large  or  small  droplets;  in  osmic  acid  preparations  these  globules  are 
black.  Areas  in  which  the  fat-containing  cells  occur  in  great  abundance  are 
usually  in  contact  with  zones  containing  recognizable  macrophages  and  surround- 
ino-  foci  of  suppuration.  Transitions  from  macrophage  to  vacuolated  cells  are 
readily  found.  The  latter  appear  to  be  macrophages  which  have  persisted  in 
the  meshes  of  the  newly  formed  fibrous  tissue  and  have  undergone  advanced  fatty 
degeneration. 

In  some  spots  botryomycotic  granules  are  in  process  of  destruction  and  the 
surrounding  suppuration  is  in  process  of  disappearance  or  has  completely  dis- 
appeared. The  central  coccus-like  body  may  be  relatively  small ;  the  surrounding 
tissue  may  contain  no  nuclei  and  appear  hyaline.  If  a  cavity  persists  about 
the  mass  of  microorganisms  polynuclear  leukocytes  are  scant  and  mononuclear 
cells  have  increased  at  their  expense.  At  a  later  stage  both  types  of  cells  have 
in  lart^e  part  disappeared,  the  surrounding  cavity  is  absent,  and  the  fixed  tissue 
has  approached  to  the  immediate  neighborhood  of  the  colony.  In  contact  with 
the  mass  of  coccus-like  bodies  is  a  tissue  composed  of  a  fibrillated  ground-work 
and  elongated  spindle-shaped  cells  with  oval  vesicular  nuclei.  These  cells  have 
the  characters  of  so-called  epithelioid  cells  of  the  tubercle,  and  in  general, 
directed  with  their  long  axes  pointing  to  the  central  mass,  form  a  zone  sur- 
rounding the  colony.  In  this  zone  may  occur  one  or  more  multinucleated  giant 
cells  with  many  nuclei  scattered  throughout  the  cell.  Outside  of  this  zone 
is  white  fibrous  tissue  in  whose  meshes  are  plasma  cells  in  immense  number 
together  with  a  few  lymphoid  cells.  In  some  instances  a  focus  or  nodule  similar 
to  that  which  has  just  been  described  contains  no  mass  of  microorganisms  in 
its  center  and  clo.sely  reproduces  the  structure  of  a  tubercle.  In  the  center  are 
one  or  two  large  giant  cells  which  have  the  characters  of  those  seen  in  tubercles ; 
the  nuclei  are  arranged  at  the  margin  of  the  cell  and  surround  an  almost 
homogeneous  area.    About  the  giant  colls  is  a  narrow  zone  formed  by  a  fibrillated 
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ground-work  containing  a  few  cells  of  epithelioid  type.  This  fibrillated  stroma 
may  stain  deeply  with  eosin  and  exhibit  a  hyaline  appearance.  Further  outward 
epithelioid  cells  are  mingled  with  numerous  plasma-cells.  Giant  cells  containing 
micrococci  have  been  found. 

Collections  of  coccus-like  bodies  forming  large  lobulated  colonies 
occur  in  abundance  throughout  the  lesion.  This  microorganism  acting  as 
an  irritant  has  caused  a  series  of  changes  in  the  liver.  There  is  destruc- 
tion and  disappearance  of  tissue  in  the  immediate  neighborhood  of  the 
colony  and  accumulation  of  polynuclear  leukocytes;  a  cavity  containing 
purulent  exudate  is  formed  about  the  microorganisms.  White  fibrous 
connective  tissue  is  formed  in  abundance  in  the  wall  of  the  abscess.  At 
the  margin  of  the  abscess  cavity  mononuclear  cells  make  their  appearance, 
and  acting  as  phagocytes  (macrophages),  ingest  polynuclear  leukocytes, 
red  blood  corpuscles  and  other  cells  and  attain  a  size  many  times  that  of 
a  polynuclear  leukocyte.  The  fibrous  tissue  nearby  is  at  first  rich  in  cells, 
containing  plasma-cells  in  immense  number.  The  process  of  phagocytosis 
of  polynuclear  leukocytes  and  other  cells  at  the  margin  of  the  abscess 
cavity  represents  an  early  stage  in  the  process  of  healing  and  tends  to 
bring  about  the  disappearance  of  pus  about  the  parasite.  As  pus  is 
absorbed  the  surrounding  fixed  tissue  grows  into  contact  with  the  mass  of 
microorganisms  which  are  now  perhaps  killed  but  not  yet  dissolved. 
Cells  of  epithelioid  type  and  giant  cells  similar  to  those  of  the  tubercle 
come  into  contact  with  the  persisting  microorganism.  A  lesion  resem- 
bling, but  not  identical  with,  the  tubercle  is  formed.  The  colony  of  cocci 
finally  disappears.  In  the  newly  formed  fibrous  tissue  between  the  abscesses 
there  are  areas  in  which  large  vacuolated  cells  are  so  abundant  that  they 
form  a  conspicuous  element  of  the  tissue.  These  cells  appear  to  be  mono- 
nuclear phagocytes  (macrophages)  which  have  persisted  in  the  wall  of  the 
abscess  and  undergone  fatty  degeneration.  They  are  in  places  so  abund- 
ant that  they  give  to  the  tissue  a  deep  yellow  color.  Large  abscess  cavities 
occur  at  the  advancing  margin  of  the  lesion  whereas  its  center  is  formed 
by  dense  fibrous  tissue. 

HUMAN  BOTRYOMYCOSIS 

Botryomycosis  in  man  was  first  described  by  Poncet  and  Dor.^°  On 
the  hand  of  a  woman  near  the  digito-palmar  fold  of  the  little  finger  an 
indolent  red  spot  ulcerated  and  gave  place  to  a  pedunculated  tumor  the 
size  of  a  small  nut.  In  sections  of  the  tumor  they  found  the  masses  of 
coccus-like  bodies  to  which  Bollinger  gave  the  name  Botryomyces,  and  by 
personal  observation  convinced  themselves  of  the  identity  of  the  bodies 
they  observed  with  those  found  in  the  fungus-like  growths  from  the 
spermatic  cord  of  geldings.  Poncet  and  Dor  have  perhaps  diminished 
for  subsequent  observers,  the  value  of  these  bodies  as  criteria  for  the 
identification  of  botryomycosis  by  the  interpretation  which  they  have 
offered.    They  have  maintained  the  untenable  view,  wholly  unsupported 
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by  the  bacteriologists  who  have  studied  botryomycosis,  that  the  peculiar 
bodies  are  not  microorganisms,  but  products  of  the  degeneration  of  tissue 
cells.  They  regard  the  coccus-like  bodies  as  pyknotic  nuclei.  From  the 
lesion  Poncet  and  Dor  isolated  a  staphylococcus,  which  inoculated  into 
the  udder  of  an  ass,  produced  a  small  pedunculated  growth.  No  examina- 
tion of  the  nodule  was  made.  Poncet  and  Dor  have  described  as  botry- 
omycosis three  small  pedunculated  growths,  two  being  on  the  hand  and 
one  on  the  most  prominent  point  of  the  stump  formed  by  amputation  of 
the  arm  at  the  shoulder. 

Faber  and  Ten  Siethoff^^  have  described  a  group  of  little  nodules  on 
the  border  of  the  eyelid  occurring  at  the  site  of  a  stye  in  a  boy  who  had 
tended  a  horse  suffering  with  a  fungoid  growth  from  the  cut  spermatic 
cord.  In  the  viscid  pus  squeezed  from  the  lesion  were  mulberry-like 
masses  with  the  structure  of  those  which  occur  in  the  horse.  Pedun- 
culated tumors  containing  similar  bodies  have  been  observed  in  France  by 
Sabrazes  and  Laubie'^  (in  one  case  on  the  auricle,  in  a  second  on  the 
palm  of  the  hand),  and  by  Delore  and  Gauthier^*  (in  one  case  above  the 
eyebrow,  in  a  second  on  the  finger).  Similar  observations  have  been 
made  in  Switzerland ;  Eeverdin  and  Gulliard^''  have  described  a  peduncu- 
lated tumor  the  size  of  a  pea  on  the  palm  of  the  hand,  and  Galli-Valerio^ 
has  seen  a  nodule  of  similar  size  and  shape  on  the  anterior  surface  of 
the  fore-arm. 

The  disease  is  apparently  much  more  common  in  northern  Africa  than 
in  Europe,  and  French  physicians  living  in  Algeria  have  described  in 
considerable  number  instances  of  a  similar  but  much  more  severe  disease. 
Brault^'^  has  described  two  cases  in  which  small  pedunculated  tumors  con- 
taining the  characteristically-grouped  microorganism  have  occurred  on 
the  fingers  of  women  in  Algeria.  Legrain^^  has  described  a  considerable 
number  of  cases  of  botryomycosis.  Attached  to  the  dorsal  surface  of  the 
right  hand  of  a  Berber  woman  he  found  a  tumor  the  size  of  her  fist;  it 
consisted  of  five  masses  each  pedunculated  and  the  whole  attached  by  a 
narrow  base.  A  tumor  in  another  Berber  woman  made  its  appearance  on 
the  stump  of  a  finger  accidentally  amputated  and  attained  the  size  of  a 
large  mandarin.  It  was  removed,  but  reappeared,  forming  a  mass  larger 
than  before ;  the  growth  did  not  invade  the  underlying  muscles  or  tendons. 


12.  Faber    and   Ten    Siethoff:      Nederlansche   oogheelkandige   bijdragen,    1897. 
Quoted  by  Bodin. 

13.  Sabrazes   and   Laubie:      Arch.    g&n.    de   m^d.,   November,    1899;    Arch,    de 
parasit.,   1898,   i,  410. 

14.  Delore  and  Gauthier:     Gaz.  d.  h6p.,  Nov.  8,  1900. 

15.  Eeverdin   and   Gulliard:      Rev.   m^d.   de  la   Suisse   romande,    1900,   No.    11, 
p.   .500. 

16.  Brault:     Arch,  de  parasitol.,  1901,  iv,  308. 

17.  Legrain:     Arch,  de  parasitol.,  1898,  i,  148. 
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In  a  subsequent  publication,  Legrain^®  described  other  growths  on  exposed 
surfaces  the  largest  of  which  was  the  size  of  a  child's  head.  Somewhat 
similar  observations  have  been,  made  by  Archibald^^  on  material  sent  to 
him  from  various  parts  of  the  Sudan:  seven  growths  removed  from  the 
scalp,  breast,  arm,  hand,  foot  or  cheek  of  natives  contained  agglomera- 
tions of  coccus-like  microorganisms  identical  with  those  peculiar  to  botry- 
omycosis.  The  same  bodies  had  been  previously  observed  by  a  member  of 
the  laboratory  staff  in  a  growth  removed  from  a  camel.  In  one  instance 
the  lesion  occurred  in  a  native  woman,  45  years  of  age,  who  had  suffered 
with  a  swelling  of  the  breast  since  childhood;  it  implicated  the  entire 
breast,  resembled  a  fungoid  cancer  and  exuded  grayish-white  pus  from 
numerous  sinuses.  In  another  case  a  tumor  of  the  scalp  implicated  the 
underlying  bone  and  from  sinuses  on  the  surface  thin  pus-containing 
yellow  granules  escaped. 

Butler  and  Welsh,^"  in  New  South  Wales,  found  a  swelling  outside 
of  the  left  orbit  causing  softening  of  the  temporal  bone  in  a  child  4  years 
of  age.  The  scant  viscid  pus  contained  numerous  yellow  granules  which 
consisted  of  masses  of  cocci.  In  a  Japanese  Kayser  and  Gryns^^  found 
the  right  foot  swollen  and  riddled  with  sinuses  from  which  escaped 
exudate  containing  botryomycotie  granules. 

PSEUDO-BOTKYOMYCOSIS 

Poncet  and  Dor  identified  with  botryomycosis  of  the  horse  the  pedun- 
culated fleshy  growths  in  which  they  found  the  mulberry-like  bodies 
described  by  Bollinger.  Subsequent  writers  have  given  the  same  name 
to  similar  pedunculated  nodules,  even  though  they  have  failed  to  demon- 
strate the  presence  of  these  readily  recognizable  bodies.  Such  growths 
having  the  structure  of  redundant  granulation  tissue  have  been  described 
as  botryomycosis  by  Bodin^^  (two  cases),  Spourgitis^^  (two  cases), 
Gehinet^*  (six  cases),  Alglave^^  (two  cases),  Thevenot  and  Alamartine^" 
(five  cases),  Lenormant^^  (five  cases),  and  others.  In  none  of  these 
cases  have  botryomycotie  colonies  been  foimd.  To  the  same  growths, 
Kiittner-^  (four  cases),  who  found  none  of  the  mulberry-like  encapsu- 
lated groups  of  cocci,  gave  the  name  Granuloma  ielangiectoides.     Two 


18.  Legrain:     Quoted  by  Gehinet. 

19.  Archibald:     Brit.  Med.  Jour.,  1910,  ii,  971. 

20.  Butler  and  Welsh:     Edinburgh  Med.  Jour.,  1910,  iv,  115. 

21.  Kayser   and    Gryns:      Geneesk.   Tijdschr.   voor   Nederl.    Indie.,    1907,   xiii, 
Ref.  Bull.  d.  I'inst.  Pasteur,  1908,  vi,  863. 

22.  Bodin:     Ann.  de  derm,  et  de  Syph.,  1902,  iii,  289. 

23.  Spourgitis:     Paris  Thesis,  1900.     Quoted  by  Gehinet. 

24.  Gehinet:     Paris  Thesis,  1902. 

25.  Alglave:     Bull.  Soc.  anat.  de  Paris,  1906,  Ixxxi,  524,  535. 

26.  ThSvenot  and  Alamartine:     Lyon  Chirurg.,  1909,  ii,  154. 

27.  Lenormant:     Ann.  de  derm,  et  de  syph.,  1910,  xi,  193. 

28.  Kuttner:      Beitr.   z.   klin.   Chir.,    1905,  xlvii,   1;    Bennecke,   Miinchen.   med. 
Wehnschr.,  1906,  1553. 
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German  writers,  Eeitmann-^  (one  case)  and  Kreibich^**  (three  cases), 
have  adopted  the  same  name  for  similar  growths.  Jacqiiet  and  Barre,^^ 
who,  like  the  writers  just  named,  found  in  their  tumors  no  structures 
having  the  characters  of  so-called  botryomyces,  think  that  the  use  of  the 
name  botrj'omycosis  should  be  discontinued,  and  the  growth  they  describe 
should  be  designated  benign  hypertrophic  granuloma  or  pseudo- 
botryomycosis. 

Hartzell,^^  describing  the  same  lesion  observed  in  this  country  (Phil- 
adelphia), has  suggested  granuloma  pyogetiicum  to  replace  botryomycosis 
of  French  authors,  and  this  name  has  been  adopted  by  Sutton,^^'  who  has 
described  a  case  which  occurred  in  Liberty,  Mo.  Wile^*  has  described  as 
granuloma  pyogenicum  two  instances  of  small  pedunculated  nodules 
observed  in  New  York  City,  one  on  the  cheek  of  a  child  8  years  of  age, 
the  other  hanging  from  the  navel  of  an  infant  2  months  old.  The 
nodules  had  the  histological  structure  of  granulation  tissue,  in  the  first 
instance  richly  supplied  with  blood-vessels.  No  masses  of  encapsulated 
cocci  were  found  within  the  nodules,  but  scattered  cocci  were  found  at 
the  periphery.  Wile  describes  as  typical  instances  of  the  same  lesion  the 
cases  of  Hartzell,  Kiittner,  Eeitmann,  Kreibich  and  Jacquet  and  Barre, 
in  none  of  which  were  found  the  characteristic  botryomyces  of  Bollinger, 
and  reaches  the  conclusion  that  botryomycosis  does  not  occur  in  man; 
he  doubts,  indeed,  the  occurrence  of  a  disease,  botryomycosis,  in  the 
horse,  but  does  not  discuss  the  subject  at  length. 

It  is  apparent  that  the  diagnosis  of  botryomycosis  has  repeatedly  been 
made  from  the  clinical  characters  of  the  lesion.  A  growth  makes  its 
appearance  usually  at  the  site  of  an  injury  on  an  exposed  skin  surface, 
in  most  instances  on  the  hands  or  face,  and  grows  rapidly,  attaining  the 
size  of  a  small  pea  or  nut.  With  excessive  growth  in  all  directions  the 
mass  assumes  a  mushroom-like  or  pedunculated  form.  It  is  reddish  and 
fleshy  in  appearance;  superficial  ulceration  occurs  frequently  and  bleed- 
ing is  readily  induced.  After  partial  removal  rapid  growth  occurs. 
Histological' examination  shows  the  usual  structure  of  granulation  tissue; 
young  connective  tissue  is  infiltrated  with  leukocytes  and  mononuclear 
cells,  and  in  some  instances  with  plasma  cdls.  In  some  instances  dilated 
blood-vessels  are  abundant,  but  in  other  instances  blood-vessels  arc  not 
more  conspicuous  than  those  in  granulation  tissue.  It  is  undoubtedly 
inappropriate  to  designate  this  lesion  botryomycosis  solely  because  it 
is  fieshy  in  appearance  and  pedunculated.     In  the  absence  of  demon- 


29.  Reitmann:  Arch.  f.  Derm.  u.  Syph.,  1908.  xci,  18.5. 
.30.  Kreibich:  Arch.  f.  Derm.  u.  Syph.,  1909,  xciv,  121. 
.31.  .Jacquet  and  Barr6:     Ann.  de  derm,  et  de  syph.,  1909,  x,  574. 

32.  Hartzell:     Jour.  Cutan.  Dis.,  1904,  xxii.  .520. 

33.  Sutton:      Am.  .Jour.  Med.  Sc,   1911,  cxlii,  G9. 

34.  Wile:      Jour.  Cutan.  Dis..  1910,  xxviii,  663. 
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stration  of  the  yellow  granules  which  are  peculiar  to  botryomycosis, 
the  diagnosis  is  no  more  possible  than  the  diagnosis  of  actinomycosis 
in  the  absence  of  the  ray  fungus.  Schridde^^  has  recently  described 
protozoa-like  bodies  within  large  mononuclear  phagocytes  found  in  a 
pedunculated  growth  similar  to  those  which  have  been  described.  These 
intracellular  bodies  are  round,  oval,  semilunar  or  pear-shape  and  present 
some  resemblance  to  the  bodies  found  with  kala-azar  and  oriental  sore. 
No  botryomycotic  granules  were  noted  in  the  nodule  in  which  these 
bodies  were  found,  and  he  regards  the  growth  as  an  example  of  the  lesion 
to  which  Kiittner  gave  the  name  granuloma  telangiectoides. 

BOTEYOMYCOSIS    OF   HORSES   IN   THE  UNITED   STATES 

I  have  been  able  to  obtain  no  literature  on  the  occurrence  and  dis- 
tribution of  botryomycosis  of  horses  in  the  United  States.  Through  the 
kindness  of  several  veterinary  physicians  I  have  received  information 
concerning  its  occurrence.  Dr.  V.  A.  Moore,  at  the  New  York  State 
Veterinary  College,  Ithaca,  New  York,  has  seen  no  instance  of  the  dis- 
ease. Dr.  J.  E.  Mohler,  Chief  of  the  Division  of  Pathology,  United 
States  Bureau  of  Animal  Industry,  Washington,  has  .  written  me  as 
follows:  In  looking  through  our  card-index  catalogue  we  have  failed  to 
find  any  references  to  literature  on  the  subject  of  the  occurrence  of  this 
disease  in  this  country.  Our  records  of  pathological  specimens  show 
that  Dr.  Leon  A.  Reek  of  Melbourne,  Fla.,  submitted  some  tissues  from 
a  horse  on  Nov.  4,  1909,  Eecord  No.  3,418,  which  showed  the  presence 
of  botryomycosis.  This  disease  in  all  probability  exists  in  this  country, 
but  the  cases  arc  not  reported. 

Dr.  Maximilian  Herzog  has  seen  several  cases  in  the  hospital  of  the 

Chicago  A-^eterinary  College,  but  believes  that  the  disease  is  infrequent 

in  Illinois.     Dr.  A.  T.  Kinsley  of  the  Kansas  City  Veterinary  College, 

writes  as  follows : 

I  have  found  three  cases  in  horses  in  Kansas  City,  two  of  them  involving  the 
spermatic  cord,  as  the  sequel  of  castration.  The  other  involved  the  point  of  the 
shoulder  and  apparently  resulted  from  infection  from  a  bruise  caused  by  the 
collar.  I  have  had  specimens  sent  to  our  laboratory  from  North  and  South  Dakota, 
two  cases  from  Nebraska,  several  from  Kansas  and  one  from  Iowa  in  the  last 
five  years.  In  my  opinion  these  cases  are  not  at  all  rare  although  I  do  not  know 
that  they  are  diagnosed  commonly,  usually  being  passed  over  as  cases  of  infec- 
tion without  specific  diagnosis. 

During  four  years  in  Colorado,  Dr.  B.  F.  Kaupp  saw  one  instance  of 
botryomycosis,  the  disease  occurring  in  a  mule. 

The  foregoing  data  indicate  that  botryomycosis  in  horses  is  uncom- 
mon in  the  states  of  the  Atlantic  coast,  whereas  in  the  central  portion  of 
the  United  States  it  is  more  common.  A  considerable  number  of 
instances  have  been  observed  in  Kansas  City,  Mo.,  a  part  being  from 
Missouri,  a  part  from  neighboring  states. 


.35.  Schridde:     Deutsch.  med.  Wchnschr..  1012.  xxxviii,  218. 
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The  unusual  nature  of  the  lesion  which  has  been  described  suggests 
some  unusual  mode  of  infection,  Botryomycosis  of  the  human  skin  is 
not  uncommon  in  certain  tropical  countries,  yet  no  record  has  been  found 
of  botryomycosis  of  an  internal  organ.  In  the  present  case  the  lesion 
appears  to  have  been  primary  in  the  liver  and  its  occurrence  here  suggests 
that  infection  may  have  occurred  by  way  of  the  gastro-intestinal  tract. 
There  is  no  evidence  in  favor  of  this  view  save  the  statement  that  one 
cow  from  which  the  child  received  milk  at  the  time  of  her  infection  was 
affected  with  a  fatal  wasting  disease.  Botryomycosis  of  cattle  has  been 
observed,  but  is  uncommon;  the  disease  occasionally  attacks  the  udder. 

SUMMARY 

Bacteriological  examinations  indicate  that  the  disease  of  horses,  cattle 
and  swine  known  as  botryomycosis  is  caused  by  a  microorganism  resem- 
bling Staphylococcus  pyogenes  aureus,  but  characterized  by  the  forma- 
tion of  compact  colonies  held  together  by  a  homogeneous  material  which 
forms  a  kind  of  capsule.  About  these  colonies  or  granules  which  are 
formed  only  in  the  tissues  there  is  suppuration  and  tissue  formation 
producing  a  lesion  which  has  all  the  characters  of  the  infectious 
granulomata. 

Human  botryomycosis  has  been  observed  most  frequently  in  tropical 
or  subtropical  countries  such  as  Algeria,  the  Sudan,  Australia  and  Java. 
It  has  been  observed  in  France  and  Switzerland,  but  heretofore  has  not 
been  observed  in  the  United  States. 

The  disease  in  man  affects  exposed  surfaces  such  as  the  hands  or  face, 
and  has  repeatedly  followed  injuries  of  infected  parts.  Pedunculated 
masses  of  considerable  size  may  be  formed.  They  consist  of  newly- 
formed  fibrous  tissue  in  which  are  foci  of  suppuration  and  sinuses  open- 
ing on  the  surface.  The  peculiar  botryomycotic  granules  are  always 
present. 

Small  pedunculated  growths  having  the  structure  of  exuberant 
granulation  tissue  have  frequently  been  described  as  botryomycosis, 
although  the  microorganism  peculiar  to  tlic  disease  has  not  been  dis- 
covered in  the  lesion.  There  is  no  demonstrable  relation  between  these 
growths,  which  have  been  designated  granuloma  pyogenicum,  telangiec- 
tatic granuloma  or  pseudo-botryomycosis,  and  botryomycosis  as  it  occurs 
in  man  and  lower  animals. 

The  case  which  has  been  described  represents,  as  far  as  I  have  been 
able  to  determine,  the  first  instance  of  the  disease  described  in  this 
countr}',  and  is,  it  seems,  the  first  instance  in  which  it  has  affected  an 
internal  organ.  The  disease  has  attacked  a  child  11  years  of  age.  A 
massive  lesion  replaces  almost  the  entire  liver  and  consists  of  fibrous 
tissue  and  foci  of  suppuration  within  which  occur  botryomycotic  granules 
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in  large  number.  It  is  not  improbable  that  some  peculiar  mode  of 
infection  explains  the  unusual  situation  of  the  lesion.  The  child  received 
milk  from  several  cows,  one  of  which  died  with  a  wasting  disease,  but  no 
more  definite  history  can  be  obtained.  Botryomycosis  has  been  observed 
in  domestic  animals  in  Missouri  where  the  human  instance  of  the  disease 
occurred. 

For  the  photographs  I  am  indebted  to  the  kindness  of  Dr.   R.  H.  McBaine 
The  drawings  have  been  made  by  Mr.  C.  D.  Jarrett. 
1806  Locust  Street. 


A  CASE   OF   FOEEIGN   BODY   IX   THE   HEART* 
C.     H.     BAILEY,     M.D. 

NEW    YOBK 

Numerous  cases  have  been  reported  in  which  foreign  bodies  have 
been  found  in  the  heart  at  autopsy.  In  the  vast  majority  of  instances 
entrance  to  the  heart  was  gained  directly  through  the  chest  wall.  The 
following  case  is  of  especial  interest,  therefore,  as  one  in  which  the 
foreign  body  reached  the  heart  by  way  of  the  venous  system,  access  to 
the  latter  having  been  gained  from  the  digestive  tract : 

CASE    REPORT 

History. — D.  H.,  male  aged  49,  entered  St.  Luke's  Hospital,  in  the  service  of 
Dr.  Austin  W.  Hollis,  May  17,  1912,  complaining  of  nausea,  fever  and  muscular 
pain.  Two  weeks  before  entrance,  following  a  spree  of  five  days'  duration,  the 
patient  had  been  seized  with  nausea  and  vomiting,  everything  taken  by  mouth 
being  immediately  expelled.  The  vomitus  consisted  of  food  just  taken,  and  the 
patient  had  never  noticed  that  it  contained  either  blood  or  bile.  His  condition 
remained  much  the  same  for  live  days,  when  he  began  to  suffer  from  fever  and 
pain  in  the  back  and  legs.  He  had  no  headache,  nose-bleed  or  diarrhea.  Abdominal 
pain,  urinary  disturbance,  dyspnea  and  cough  were  also  absent. 

Examination. — On  entrance  to  the  hospital,  the  temperature  was  103.6  F., 
respiration  24  and  pulse  100,  regular  and  of  good  force.  Blood-pressure  was  140. 
There  was  no  dyspnea,  cyanosis,  jaundice,  edema  or  rash.  The  pupils  were  equal 
and  regular,  and  reacted  normally.  The  ears,  nose,  mouth  and  throat  were 
negative.  The  lymph-nodes  were  not  enlarged.  There  was  no  rigidity  of  the 
neck.  Knee-jerks  were  present  and  not  exaggerated.  There  was  marked  tremor  of 
the  fingers.  The  heart  apex  impulse  was  neither  visible  nor  palpable.  The  left 
border  was  11.5  cm.  from  the  midsternal  line;  the  right  border  was  beneath  the 
sternum.  The  heart  sounds  were  distant  but  of  good  quality.  There  was  a  short 
systolic  murmur  at  the  apex  which  was  not  transmitted.  There  were  no  accentua- 
tions. Examination  of  the  lungs  was  negative.  The  abdomen  was  somewhat  dis- 
tended and  there  was  slight  general  tenderness.  The  liver  edge  was  felt  one  inch 
below  the  free  border  of  the  ribs  and  the  edge  of  spleen  could  be  felt  just  beneath 
the  costal  margin. 

A  blood  culture  taken  May  18  showed  numerous  colonies  of  Streptococcus 
viridans  and  Bacillus  coli  communis. 

On  May  18  the  white  blood-cell  count  was  22,000,  polymorphonuclears  86  per 
cent.,  lymphocytes  14  per  cent.  The  Widal  reaction  was  negative.  The  urine 
was  clear,  acid,  specific  gravity  1.015  and  showed  a  faint  trace  of  albumin.  The 
sediment  contained  many  polymorphonuclear  leukocytes  and  no  casts.  The  stools 
were  not  examined  for  blood,  but  were  never  tarry. 

On  May  20  there  were  many  moist  rales  and  a  small  area  of  bronchovesicular 
respiration  and  moderate  dulness  over  the  right  base.  The  white  blood-cell  count 
had  risen  to  34,000,  polymorphonuclears  84  per  cent.,  lymphocytes  16  per  cent.  The 


*  Submitted  for  publication  in  The  Archives  Jan.  31,  1913. 

*  From  the  Pathological  Department  of  St.  Luke's  Hospital,  New  York,  F.  C. 
Wood.  M.D.,  Director. 
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patient  ran  a  markedly  irregular  temperature  varying  from  102  to  108  F.  He 
grew  gradually  worse  and  died  May  21. 

Necropsy. — Autopsy  was  performed  six  hours  post  mortem.  The  body  showed 
no  marks  of  external  violence,  no  edema  or  jaundice,  and  no  ecchymoses  of  the 
conjunctiva  or  elsewhere.  The  peritoneum  was  normal  and  contained  no  fluid. 
The  dome  of  the  diaphragm  was  on  a  level  with  the  fifth  rib  on  either  side.  The 
liver  edge  was  at  the  costal  margin.  There  were  300  c.c.  of  slightly  cloudy 
yellow  fluid  in  each  pleural  sac.  The  apices  of  both  lungs  were  bound  by  old 
fibrous  adhesions  and  there  were  small  scattered  areas  of  bronchopneumonia  in 
the  right  lower  and  left  upper  lobes.  The  pericardium  contained  75  c.c.  of 
unclotted  blood.  Protruding  1.5  cm.  from  the  posterior  tip  of  the  right  auricle 
was  the  end  of  an  ordinary  wooden  toothpick  which  measured  6.8  cm.  in  length. 
The  other  end  could  be  felt  within  the  auricle,  pressing  against  its  anterior  wall 
at  the  right  auricular  appendage.  Over  this  end  the  wall  was  thinned,  white  and 
covered  with  fibrin  over  a  small  area  about  3  mm.  in  diameter.  The  toothpick 
was  held  in  place  within  the  auricle  by  a  soft  "chicken  fat"  clot.  At  the  upper 
part  of  the  pericardium  posteriorly  there  was  an  area,  1  cm.  in  diameter,  which 
was  abraded,  but  not  pierced,  by  contact  with  the  end  of  the  toothpick.  Adherent 
to  the  surface  of  the  pericardium  were  several  small  plaques  and  shreds  of  fibrin. 
Numerous  small  ecchymoses,  from  pin-point  to  1  mm.  in  size,  were  present  on 
the  epicardium,  especially  numerous  over  the  upper  posterior  part  of  the  left 
ventricle.     The  heart  was  preserved  in  gross  without  sectioning. 

The  pharynx,  larynx,  trachea,  esophagus  and  stomach  were  all  normal.  On 
the  posterior  wall  of  the  duodenum,  14  cm.  beyond  the  pylorus,  at  the  lower  part 
of  the  descending  portion  where  it  lay  directly  over  the  inferior  vena  cava,  was 
a  small  ulcerated  area,  about  5  mm.  in  diameter.  Extending  backward  and 
upward  from  the  base  of  this  ulceration  was  a  sinus,  1.5  em.  in  length,  which 
easily  admitted  a  probe  2  mm.  in  diameter,  leading  directly  into  the  inferior 
vena  cava.  The  intestine  was  otherwise  normal.  The  intestinal  contents  were 
of  normal  brown  color. 

In  the  anterior  wall  of  the  inferior  vena  cava,  8  cm.  below  the  entrance  of 
the  hepatic  vein  was  the  opening  of  the  sinus  from  the  duodenum  previously 
described.  Surrounding  this  opening  the  wall  over  an  area  5.5  cm.  lengthwise  of 
the  vessel  and  2.5  cm.  transversely,  showed  a  rough,  eroded  surface  covered  with 
a  small  amount  of  loose  fibrin  of  a  greenish  color,  suggesting  bile  staining.  A 
small  fibrinous  clot  adherent  to  the  edge  of  the  sinus  had  evidently  plugged  it 
before  death. 

The  other  organs,  except  for  a  large  soft  spleen  weighing  360  gm.,  showed 
nothing  of  particular  interest  either  grossly  or  on  microscopic  examination. 

OTHER  EEPORTED  CASES 

iSTineteen  cases  have  been  reported  in  the  literature  in  which  foreign 
bodies  have  been  found  in  the  heart  at  autopsy,  omitting  the  large  number 
in  which  entrance  to  the  heart  was  gained  directly  through  the  chest 
wall.  The  articles  found  were  needles,  pins,  fish-bones,  teeth,  a  thorn, 
etc.  In  one  of  these  nineteen  cases  a  needle  had  pierced  the  bronchus, 
pericardium  and  heart.  In  a  second  case  the  patient  had  swallowed  two 
false  teeth  on  a  gold  plate.  The  gold  plate  had  pierced  the  esophagus 
and  pericardium,  the  patient  dying  of  a  purulent  pericarditis.  In  a  third 
case,  a  fish-bone  had  pierced  the  stomach  wall,  near  the  esophageal  open- 
ing, and  subsequently  the  diaphragm,  pericardium  and  heart,  the  sharp 
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end  of  the  bone  having  been  found  protruding  into  the  heart  and  the 
blunt  end  into  the  stomach.  In  two  cases  there  was  a  definite  history  of 
swallowing  the  foreign  body  which  was  found  in  the  heart,  but  no  lesion 
of  the  digestive  tract  and  no  indication  of  the  route  followed  were  found. 
These  two  cases  are  of  interest  on  account  of  the  length  of  time  during 
which  the  foreign  bodies  had  in  all  probability  been  present  in  the  heart 
and  the  slight  or  entire  lack  of  heart  symptoms  due  to  their  presence. 
In  one,  a  case  reported  by  Ambrose,  a  pin,  which  had  been  swallowed 
nine  years  previously,  was  found  in  the  wall  of  the  right  ventricle.  The 
patient  died  of  perforated  gastric  ulcer  without  having  had  heart  symp- 
toms in  the  interval.  In  the  second  case,  reported  by  Kussmaul,  a  thorn 
of  Prunus  spinosa,  covered  by  a  thick  la^^er  of  fibrin,  was  found  free  in 
the  cavity  of  the  right  ventricle.  The  spine  had  been  swallowed  one  and 
a  half  years  previouslj^,  and  following  this  the  patient  had  been  troubled 
for  some  time  with  precordial  pain.    He  died  of  pulmonary  tuberculosis. 

In  the  remaining  fourteen  cases  no  indication  of  the  place  of  entrance 
was  found  and  no  definite  history  was  obtained.  In  twelve  of  these  the 
foreign  body  was  believed  to  have  been  swallowed,  and  may  have  been  in 
all.  In  several,  however,  it  was  a  question  whether  the  foreign  body 
might  not  have  been  inserted  through  the  skin.  In  four  of  the  cases,  the 
writers  believed,  but  without  proof,  that  entrance  to  the  heart  was 
obtained  directly  through  the  esophagus  and  mediastinal  tissues. 

A  case  reported  by  Benda,  not  included  in  the  above  series,  is  also  of 
interest.  In  this  a  fish-bone  was  found  in  the  superior  mesenteric  vein, 
but  no  lesion  of  the  digestive  tract  was  discovered. 

DISCUSSION 

The  case  here  reported  seems  then  to  be  unique  in  that  the  foreign 
body  was  proved  to  have  reached  the  heart  by  way  of  the  blood-stream, 
its  point  of  entrance  into  the  latter  from  the  intestine  having  been 
demonstrated.  It  is  probable  that  this  occurred  in  some  of  the  cases 
quoted  above,  and  its  possibility  is  discussed  at  considerable  length  in 
the  literature.  Oppel,  working  with  rabbits,  was  unable  to  demonstrate 
that  needles  could  travel  in  the  blood-stream,  and  doubts  whether  this 
ever  occurs  in  man.  Haecker,  from  experiments  on  dogs,  arrived  at  a 
similar  conclusion. 

The  route  traveled  by  the  toothpick  in  the  case  reported  was  a  short 
one.  A  smaller  object,  however,  which  could  easily  have  passed  the 
tricuspid  and  pulmonary  orifices,  would  have  been  carried  on  to  the  lungs, 
and  one  small  enough  to  pass  easily  through  vessels  of  small  caliber  might 
have  traveled  a  much  greater  distance  to  the  heart.     A  wooden  object 
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would  iiatuially  l)o  more  easily  carried  along  by  the  blood-.sti'eam  than  a 
metal  one,  esi^ecially  if  the  latter  were  sharp-pointed,  as  a  needle  or  pin. 
There  seems,  however,  little  room  for  doubt  that  manv  of  the  foreisn 


'J0 


The  lower  circle  surrounds  the  eiul  of  the  toothpick  which  protrudes  from  the 
posterior  tip  of  the  right  auricle.  The  upper  circle  surrounds  the  surface  of  the 
pericardium  at  tlie  point  where  it  has  been  roughened  by  contact  witli  the 
protruding  end  of  the  toothpick. 


bodies,  as  fish-bones  and  ever,  pins  and  needles,  which  have  been  found 
in  the  heart  reached  it  by  way  of  tlie  blood-stream,  as  did  the  toothjuck 
in  this  case. 
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A  STUDY  OF  RESPIRATION  AND  CIRCULATION  IN 
EPILEPSY  * 

LEWIS    J.     POLLOCK,    M.D..    and    W.     L.    TREADWAY,    M.D. 

OALESBtRG,    ILL.  JACKSONVILLE,    ILL. 

Modern  methods  of  study  have  already  assisted  in  the  exphmation  of 
many  of  the  physiological  facts  bearing  on  circulation  and  respiration, 
and  have  explained  the  pathogenesis  of  many  of  the  disorders  of  these 
systems. 

An  analysis  of  the  clinical  features  of  epilepsy  reveals  a  vague  and 
unsatisfactory  description  of  the  symptoms  referable  to  the  circulatory 
and  respiratory  systems. 

A  study  of  some  of  the  circulatory  and  respiratory  disturbances  of 
epilepsy  by  modern  methods  of  investigation  was  therefore  considered 
important. 

This  report  is  based  on  the  results  obtained  from  the  examination  of 
forty-four  cases.  All  of  these  cases  were  examined  on  two,  some  three 
and  four  and  a  few  up  to  fifteen  different  occasions. 

The  examination  included  a  graphic  study  of  the  heart  action, 
employing  tracings  of  the  Jugular  and  brachial  pulses  and  the  apex  beat. 
Blood-pressure  estimations  and  continuous  blood-pressure  and  respira- 
tory curves  were  made.  There  were  225  tracings  obtained  from  the 
forty-four  patients. 

The  tracings  were  obtained  by  means  of  the  Erlanger  sphygmoman- 
ometer with  a  Hirschfelder  attachment,  and  an  Ellis  pneumograph. 

This  report  is  not  as  extensive  as  we  could  wish,  nor  the  evidence  as 
voluminous  as  it  should  be.  The  difficulty  of  obtaining  a  continuous 
blood-pressure  curve  on  a  patient  during  a  convulsion  is  self-evident. 
The  obtaining  of  a  tracing  which  includes  the  time  preceding  and  fol- 
lowing the  convulsion  is  largely  a  matter  of  luck  and  many  tracings  may 
be  made  before  one  is  successful. 

The  association  of  epilepsy  with  heart  disease  has  been  observed  for 
many  years.  This  association  may  be  the  result  of  several  factors.  First, 
the  heart  disease  may  be  accidental.  Second,  the  epilepsy  may  be  respon- 
sible for  the  cardiac  changes,  and,  third,  the  cardiovascular  change  may 
be  responsible  for  the  epilepsy.     The  third  group   is  a   small  one  and 

*  Submitted  for  publication  in  The  Archives  Feb.  10.  ]!)L3. 

*  From  tlip  Laboratorv  of  the  Illinois  State  Psychopatliic  Institute.  Hospi- 
tal,  111. 

*  Read  before  the  (liicago  Neurological  Sncietv.  Dec.   10.   1!)12. 
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includes  the  late  or  tardy  epilepsies.  This  condition  having  no  bearing 
on  our  findings,  will  not  be  discussed.  It  is,  however,  fitting  to  call 
attention  to  the  so-called  epileptic  convulsions  accompanied  by  stoppage 
of  the  heart,  bradycardia  or  other  arhythmia. 

Bradycardia  has  been  noted  by  Seguin  (21-24)  Corkey  and  Hubberty 
(11-76),  Drummond  (5-15),  Gibbings  (12)  and  many  others.  In  the 
light  of  our  present  knowledge  of  heart-block  it  is  extremely  probable 
that  it  was  this  condition  which  the  above  authorities  observed. 

Stoppage  of  the  heart  (?)  has  been  observed  by  ]\Ioxon  and  Tagge 
and  Smith  while  auscultating  the  heart.  Failure  of  the  pulse  has  been 
observed  by  Hughlings  Jackson  and  Eussel.  Whether  these  cases  were 
heart-block  or  hemi systole  cannot  be  said,  for  lack  of  graphic  records. 
Munson^  did  not  find  a  single  case  of  stoppage  of  the  heart  in  epilepsy, 
employing  graphic  methods  as  a  means  of  study. 

There  are  found  in  the  literature  numerous  references  to  the  abnormal 
condition  of  the  heart  in  epilepsy.  Valvular  lesions,  hypertrophy  and 
arhythmias  have  been  frequently  noted. 

Browning,-  after  examining  150  cases,  states  that  normal  sounds  and 
a  normally  acting  heart  are  the  exception  rather  than  the  rule. 

Of  the  forty-four  cases  examined  by  us,  thirty-five  showed  an 
abnormal  condition  of  the  heart;  of  these,  ten  showed  gross  lesions  and 
twenty-five  a  functional  change  manifested  by  hemic  murmurs,  abnor- 
mality of  sound  and  sinus  arhythmia.  Valvular  lesions  were  observed 
four  times.  Hypertrophy  was  observed  seven  times.  Diastolic  irregu- 
larit}'  was  observed  twelve  times.  Abnormal  sounds  were  observed  thir- 
teen times.  Hemic  murmurs  were  observed  four  times.  Heart  block 
was  observed  once.  Irritable  heart  was  observed  once.  Nodal  rh}i;hm 
was  observed  once.  Auricular  extrasystoles  were  observed  once.  The 
case  of  heart-block  exhibited  true  epilepsy  and  not  the  syncopal  attacks 
of  the  Stokes-Adams  syndrome.  Although  it  is  generally  agreed  that 
sinus  arhythmia  is  of  vagal  origin,  no  relation  between  it  and  the 
Traube-Hering  waves  (to  be  described  later)  was  observed.  Hypertrophy 
of  the  heart  occurred  in  patients  in  middle  life  or  above,  with  two 
exceptions. 

BLOOD-PRESSURE 

Owing  to  the  diversity  of  methods  employed  by  the  numerous  investi- 
gators, and  the  mechanical  defects  of  many  of  their  instruments,  the 
work  of  the  older  authors,  such  as  Fere,  must  be  discounted.  Of  the 
more  recent  investigations  it  n\ay  likewise  be  said  that  the  methods 
differ,  that  the  observations  have  been  too  limited  in  number,  and  tbat 
graphic  methods   allowing  of   the   study   of  continuous   blood-pressure 


1.  Mun«nn:      -Tour.  Am.  Med.  Assn..  1908.  1,  681. 

2.  Browning,  \Vm.:     .Jour.  Nerv.  and  Ment.  Dis..  1803.  xviii. 
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curves  have  not  been  utilized.  It  is  apparent  that  one  cannot  detect  a 
change  in  blood-pressure  occurring  within  the  space  of  several  seconds 
by  the  use  of  such  instruments  as  the  Eiva-Eocci,  Janeway,  Stanton,  etc. 

Summed  up,  the  results  of  the  more  recent  investigations  are  as 
follows :  There  is  a  high  blood-pressure  during  the  convulsion ;  the  blood- 
pressure  falls  rapidly  after  the  convulsion,  but  remains  higher  than 
normal  between  convulsions.  (Plaskuda,  Morgenthaler,  Fleury,  L'Alle- 
mant  and  Eodiet  and  others.) 

Our  results  will  be  tabulated  under  the  following  headings.  1.  Gen- 
eral blood-pressure.  3.  Kespiratory  change  in  blood-pressure.  3.  Traube- 
Hering  waves.    4.  Changes  relative  to  the  convulsion. 

1.  Of  4]  cases  examined  as  to  general  blood-pressure,  18  had  a  systolic 
blood-pressure  of  120  or  below,  and  23  above  125  ranging  to  200.  Of 
17  cases  examined  on  the  day  of  a  convulsion,  seven  had  a  systolic  blood- 
pressure  above  135,  and  10  were  below  120. 

The  pulse-pressure,  estimated  by  the  difference  between  the  systolic 
and  diastolic  pressures,  was  50  or  above  in  21  cases,  40  or  above  in  15 
cases  and  45  in  5  cases.  Of  8  cases  showing  a  pulse-pressure  above  55, 
5  were  either  measured  on  the  day  of  a  convulsion  or  had  some  cardio- 
vascular disease. 

Owing  to  the  paucity  of  material,  and  taking  into  consideration  the 
individual  variations,  variations  of  emotion,  sensory  stimuli,  etc.,  no 
hard  and  fast  conclusions  can  be  made  from  this  particular  part  of  the 
work.  The  systolic  blood-pressure  and  pulse-pressure  were  higher  than 
normal  in  a  little  more  than  one-half  the  cases;  the  pulse-pressure  was 
below  normal  in  many.  The  cases  showing  cardiovascular  disease  had 
high  pulse-pressure.  The  cases  showing  high  systolic  blood-pressure  on 
the  day  of  a  convulsion  likewise  showed  a  high  pulse-pressure. 

2.  Respiratory  change  in  blood-pressure :  In  21  cases  showing  respi- 
ratory changes  in  blood-pressure  our  results  bear  out  Erlanger  and 
Festerling's^  findings.  The  arterial  pressure  falls  during  inspiration  and 
rises  during  expiration.  During  the  labored  breathing  following  a  con- 
vulsion, the  respiratory  changes  in  blood-pressure  are  very  marked. 

3.  Traube-Hering  waves :  Under  certain  unusual  conditions,  there 
are  found  in  addition  to  the  respiratory  rhythmical  falls  and  rises  of 
blood-pressure,  changes  in  blood-pressure,  the  waves  of  which  are  much 
larger  than  those  due  to  respiratory  movements.  These  waves  were  first 
described  by  Traube.'*  Tiering^  considered  them  as  arising  as  a  result 
of  irradiation  from  the  respiratory  center.     Horatio  Wood,  Jr.,®  in  a 

3.  Erlanger,  .Joseph,  and  Festerling.  E.  G.:  Jonr.  Exper.  Med.,  1912,  xv,  No.  4, 
p.  37. 

4.  Traube:      Centralbl.  f.   d.  Med.  Wissensch.,   18G5,  p.   1881. 

5.  Hering:     Quoted  by  Horatio  Wood,  Jr.   (see  note  6). 

6.  Wood,  Horatio,  .Jr.:      Am.  .Jour.  Physiol.,  1899,  No.  2,  p.  3.52. 
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study  on  the  origin  of  Traube  waves,  comes  to  the  conclusion  that  they 
do  not  arise  in  the  respiratory  center.  He  was  able  to  paralyze  the 
respiratory  center  through  the  action  of  veratrin,  the  vasomotor  center 
remaining  intact.  Under  these  conditions  he  was  still  able  to  observe 
Traube  waves  (Fig.  1). 

The  ultimate  cause  of  these  waves  is  not  well  understood,  but  they 
are  probably  due  to  a  rhythmical  activity  of  the  vasomotor  center. 
Although  a  rhvthmical  activity  of  the  vasoconstrictor  center  is  said  to  be 
present  throughout  life,  there  are  no  definite  data  relative  to  the  occur- 
rence of  these  waves  in  man. 

They  have  often  been  observed  during  experiments  on  animals,  espe- 
cially in  experiments  increasing  the  intracranial  tension.  They  have 
likewise,  occasionally,  been  observed  in  apparently  normal  human  sub- 
jects.   However,  although  present  at  times,  they  are  the  exception  rathei" 


Fig.   1. — Travibe-Hering  waves  not  due  to  respiratory  eliange.     Upper  tracing, 
respiration ;    lower,  blood-pressure. 

than  the  rule.  Many  other  waves  of  change  in  blood-pressure  may  be 
observed  in  man  and  should  be  definitely  ditferentiated  from  the  Traube- 
Hering  waves.  Emotion,  muscular  movement,  peripheral  stimulation, 
etc.,  all  produce  change  in  the  continuous  blood-pressure  tracings. 
Changes  due  to  muscular  movements  can  easily  be  diflPerentiated,  as 
pointed  out  by  Erlanger  ;'■  those  due  to  emotion,  etc.,  are  not  vhylhinical 
and  do  not  have  a  gradually  increasing  and  diminishing  size.  In  tiie 
interpretations  of  our  tracings  the  following  conditions  were  insisted  on 
before  Traube-Hciing  waves  were  said  to  be  present.  1.  'I'he  colniiin  (if 
mercury  in  the  manometer  had  sunk  to  its  lowest  level  after  inflating 
the  arm-band  before  the  drum  was  started.  2.  All  muscular  movements 
were  carefully  watched  foi'.  and  niai'k('(l  as  such  on  the  di'um.  ?>.  All 
waves  due  to  emotion  and  other  causes  were  excluded.  4.  Following  the 
convulsion  the  column  of  mercury  was  at  the  same  level  as  before  it.    The 
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v.-aves  ^\ill  be  described  relative  to  their  occurrence,  length  and  relation 
to  pulse  change. 

Of  the  44  cases,  24  showed  the  presence  of  Traube-Hering  waves. 
Of  15  cases  examined  on  the  same  day  as  the  convulsion,  7  showed  marked 
waves,  6  moderate  waves  and  2  no  waves. 

Of  14  cases  examined  within  five  days  after  a  convulsion,  3  showed 
marked  waves,  in  7  waves  were  ])resent  and  4  showed  no  waves. 

Of  15  cases  examined  more  than  five  days  after,  one  showed  moderate 
waves  twenty  days  from  a  convulsion.  It  was  observed  in  those  exam- 
ined immediately  preceding  and  folloMdng  a  convulsion  that  the  waves 
were  more  marked  at  this  time. 

Of  the  24  cases  showing  waves,  13  were  present  in  cases  showing  a 
definite  aura,  4  in  those  showinflf  no  aura  and  7  in  whom  a  history  could 


Fig.    2. — Relatively    low    blood-pressure    during    petit    mal    attack 

not  be  obtained.  Four  other  cases  showing  an  aura  had  no  waves.  The 
tracings  on  these  cases  were  not  taken  on  the  day  of  a  convulsion  and 
none  of  them  had  a  pneumogastric  aura. 

The  duration  of  the  waves  ranged  from  VS^ii  to  35  seconds.  The 
greater  number  ranged  from  13^^  to  26  seconds.  The  duration  of  the 
waves  remained  constant  in  each  individual,  and  the  series  may  be 
divided  into  three  groups  possessing  waves  13.33  to  18.66,  20  to  22  and 
24  to  28  seconds. 

Of  39  cases  the  pulse-rate  was  slower  during  the  high  blood-pressure, 
in  17  cases,  more  rapid  in  3,  and  unchanged  in  18.  It  is  safe  to  say  that 
when  the  pulse  changes  in  rate,  it  is  usually  slower  during  the  period  of 
high  blood-pressure. 

4.  Pulse  and  blood-p.-essure  in  relation  to  tlie  convulsion:  It  would 
be  useless  to  orive  a  review  of  the  literature  on  these  ]>oints  for  the  reasons 
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outlined  above.  Most  authors  agree  that  there  is  an  increase  of  blood- 
pressure  preceding  and  during  the  convulsion,  that  it  rapidly  falls  after 
the  convulsion,  but  remains  higher  than  normal  throughout.  The  pulse- 
rate  is  said  by  most  observei's  to  be  increased  during  the  convulsion. 
Some  state  that  it  is  slow ;  it  is  possible  that  these  cases  may  be  the 
bradycardias  of  lieart  block.  Morganthaler  goes  further  and  states  that 
the  blood-pressure  is  labile  after  the  convulsion. 

^^'e   have   obtained   tracings   showing   continuous   pulse-   and   blood- 
pressure  curves  before,  during  and  after  the  convulsions,  on  three  dif- 


Fig.  3. — Alternating  tj^pe  of  respiration  following  a  petit  mal  attack. 


Fig.  4. — Petit  ma!  attack.     1.  Drop  in  blood-pressure.     2.  Apnea.     3.  Convulsion. 

ferent  patients,  and  on  one  during  and  after  the  convulsion.  In  one  case 
we  have  obtained  eight  tracings,  showing  seven  petit  mal  and  one  grand 
mal  attack  each.  Tn  another  case  two  grand  mal  attacks  and  in  two  cases 
one  grand  mal  attack  each.  In  all  of  these  cases  there  was  seen  in  addi- 
tion to  the  Traube-Hering  waves,  (1 )  a  preliminary  rise  in  blood-pressure 
occurring  from  twenty-six  to  sixty  seconds  before  the  convulsion.  Where 
the  rise  occurred  over  thirty  seconds  before  a  convulsion  the  blood- 
pressure  usually  fell  again  sliglitly;  (2)  inimodialely  preceding  the  con- 
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vulsion  by  from  nine  to  twelve  seconds  and  in  one  case  twenty-eight 
seconds  (this  was  a  case  of  grand  mal  attack)  there  was  a  sudden  marked 
droj)  in  blood-pressure  lasting  from  eight  to  thirteen  seconds  (Fig.  2). 
The  pulse  in  every  instance  became  rapid  and  remained  so  during  the 
convulsion  and  for  a  short  time  following  it.  The  increase  in  rapidity 
of  the  pulse  occurred  at  the  time  of  drop  in  blood-pressure.  The  blood- 
pressure  remained  relatively  low  during  the  time  occupied  by  the  petit 
mal  attacks  in  all  fits,  and  rose  within  five  seconds  after  the  attack.  The 
blood-pressure  rose  rapidly  and  markedly,  in  many  instances  showing 
rhythmical  variations,  and  then  gradually  subsided  to  the  normal  level. 
In  the  grand  mal  attacks  we  are  unable  to  state  positively  whether 
the  relatively  low  blood-pressure  persists  throughout  the  entire  attack, 
because  of  the  interference  by  arm  movements  and  the  consequent  late 
appearance  of  a  regular  blood-pressure  curve.  In  one  of  these  tracings  it 
can  plainly  be  seen  that  the  blood-pressure  is  low  for  a  considerable  time 
during  the  convulsion.  It  must  be  said,  however,  that  in  tracings  taken 
during  the  grand  mal  attacks  the  blood-pressure  is  high  at  cessation  of 
the  attack.  In  one  attack  of  petit  mal  type  in  which  we  were  able  to 
note  the  beginning  of  the  aura,  it  was  found  to  follow  the  drop  in  blood- 
pressure  by  two  and  two-thirds  seconds  and  to  precede  the  apnea  b}' 
two  seconds. 

RESPIRATION 

The  respiration  will  be  studied  from  two  standpoints:  1.  Ehythmical 
change  in  type  of  respiration.  2.  The  respiration  in  relation  to  the 
convulsion. 

In  twelve  of  the  forty-four  cases  of  rhythmical  change  from  rapid, 
regular  and  shallow,  to  slow,  irregular  and  deep  was  noted  within  a  short 
period  preceding  and  following  a  convulsion.  Eleven  of  these  cases 
showed  well-marked  1'iaube-Hering  waves  of  blood-pressure.  The 
changes  in  respiration  did  not  have  any  definite  relation  to  the  changes 
in  blood-pressure  indicated  by  the  Traube-Hering  waves,  nor  to  the 
blood-pressure  in  general.  A  change  similar  to  this  has  been  noted  in 
meningitis  by  Conner"  (Fig.  3). 

In  five  cases  one  or  more  periods  of  apnea  were  observed  lasting  from 
sixteen  to  thirty  seconds.  During  this  period  there  was  seen  a  fall  in 
blood-pressure  and  in  one  case  two  rjiythmical  waves  of  change  in  blood- 
pressure.  This  apnea  occurred  at  times  having  no  bearing  on  the 
convulsion. 

A  study  of  the  respiratory  change  in  relation  to  the  convulsion  was 
possible  in  five  tracings  taken  during  petit  mal  and  three  tracings  during 
grand  mal  fits  in  three  different  patients.  In  every  example  of  petit  mal 
attacks  in  one  patient  it  was  seen  that  there  was  a  cessation  of  respiration 
preceding  the  convulsion  by  four  to  twenty-six  seconds,  more  often  four 
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to  nine  seconds.  The  apnea  persisted  throughout  the  convulsion  and 
lasted  from  thirteen  to  sixty  seconds.  It  was  interrupted  in  a  few 
instances  by  several  deep  and  irregular  respirations.  The  apnea  com- 
menced at  the  height  of  inspiration.  It  was  in  every  instance  preceded 
by  the  fall  in  blood-pressure  by  from  two  and  two-thirds  to  six  and 
two-thirds  seconds. 

In  the  tracings  of  the  three  grand  mal  attacks,  in  each  instance  the 
fall  in  blood-pressure  preceded  the  apnea,  and  the  apnea  preceded  the 
convulsion  as  in  the  case  with  petit  mal  attacks.  We  are  unable  to  state 
definitely  how  long  the  period  of  apnea  lasted  relative  to  the  convulsion 
in  these  cases.  The  tracings  show  either  an  apnea  or  an  apnea  inter- 
rupted by  slow  and  irregular  respiratory  movements. 

Before  taking  up  the  discussion  of  the  relation  of  our  findings  to  the 
various  theories  of  the  pathogenesis  of  epilepsy,  we  shall  make  a  resume 
of  those  conditions  which  may  have  a  bearing  on  a  causal  relation  to 
epilepsy. 

There  were  present  a  number  of  diastolic  arythmias  considered  to  be 
of  vagal  origin.  A  large  number  of  cases  showed  Traube-Hering  waves, 
especially  those  cases  having  an  aura.  These  waves  were  particularly 
prominent  during  the  time  near  or  following  a  convulsion,  and  practically 
disappeai'ed  after  five  days. 

Rhythmical  respiratory  movements  were  found  in  a  considerable 
number  of  cases,  with  one  exception  always  associated  with,  but  having 
no  relation  to,  the  Traube-Hering  waves. 

The  convulsions  showed  a  sequence  of  events  as  follows:  A  prelim- 
inar}'  rise  in  blood-pressure  followed  by  a  sudden  fall,  than  an  aura,  then 
a  period  of  apnea  and  then  the  convulsion.  The  blood-pressure  remains 
relatively  low  throughout  the  petit  mal  and  also  probably  throughout  the 
grand  mal  attacks.  The  pulse  becomes  rapid  with  the  fall  in  blood- 
pressure  and  remains  so  during  the  convulsion  (Fig.  4). 

The  literature  on  the  pathogenesis  of  epilepsy  is  especially  rich.  The 
theories  are  numerous  and  contradictory  and  the  evidence  is  inconclusive. 
We  shall  content  ourselves  with  mentioning  some  of  the  theories,  first, 
as  to  the  stimulus  tliat  determines  the  discharge,  and  second,  as  to  the 
seat  of  discharge. 

Relative  to  the  nature  of  llic  sliinulus  wc  shall  confine  ourselves  to 
the  question  of  anemia  and  hyperemia  of  the  brain.  Anemia  of  the  brain 
as  the  cause  of  unconsciousness  and  convulsion  has  been  supported  by 
Kussmaul  and  Tenner,  Nothnagel,  Tiiegel  and  Jolly,  Gutnikow  and  many 
others.  The  gap  between  tlic  several  sie))s  of  reasoning  em]iloved  by 
these  authors  is  considerable. 

The  facts  that  anemia  of  1lie  ln-ain  can  nroilnce  coiiMilsions  and  iliaf 
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a  pallor  of  the  face  has  been  observed  by  these  authors  during  the  attack, 
is  certainly  insufficient  evidence  to  establish  anemia  as  the  cause  of 
unconsciousness  or  convulsions. 

On  the  other  hand,  hyperemia  of  the  brain  has  likewise  been  supported 
by  many,  Landois,  etc.  Eecently  it  has  been  found  that,  during  experi- 
mentally produced  epilepsy,  hyperemia  and  not  anemia  of  the  brain  is 
present  during  the  convulsion.  (Eabinowitch,  Berger.)  "We  shall  refer  to 
these  observations  again. 

As  to  the  seat  of  discharge,  we  have  a  great  number  of  observers 
arrayed  against  one  another,  one  group  assuming  the  medulla  and  pons 
to  be  the  site  of  discharge,  Nothnagel,  Yan  d'Kolk,  Eeynolds,  Echeverria, 
Kussmaul,  etc.,  the  other  placing  it  in  the  cerebral  cortex  —  Charcot, 
Terrier,  Luciani,  Gowers,  etc.  —  while  Hughlings  Jackson  suggests  that 
fits  might  result  from  discharge  of  lesions  in  either  of  these  two. 

It  is  not  necessary  to  enter  into  a  detailed  account  of  the  experimental 
work  tending  to  prove  either  of  these  theories.  Suffice  it  to  say  that 
convulsions  may  be  caused  experimentally  through  irritation  of  either 
of  these  regions. 

The  experimental  production  of  convulsions  by  irritation  of  the  cortex 
and  the  occurrence  of  convulsions  as  the  result  of  disease  of  the  cortex 
has  led  to  the  conclusion,  as  yet  unproven,  that  the  greatest  number  of 
convulsions  originate  in  the  cortex.  This  does  not  exclude  the  medulla 
and  pons  as  the  site  of  discharge  in  some  convulsions. 

J.  Hughlings  Jackson  and  H.  Douglas  Singer^  suggest  that  in  addi- 
tion to  the  cortical  type  of  epileptic  fits,  there  occur,  in  the  human 
subject,  bulbo-pontine  (lowest  level)  fits,  analogous  to  those  experiment- 
ally produced  in  some  lower  animals.  They  offer  in  support  of  this 
hypothesis  a  case  showing  fits  which  definitely  began  by  convulsions  of 
the  respiratory  muscles.  Of  special  interest  is  the  observation  that  with 
the  beginning  of  the  earliest  motion  of  the  convulsion,  respiration  ceased 
and  was  not  resumed  until  the  end  of  the  fit,  which  lasted  from  forty 
to  sixty  seconds. 

Harvey  Gushing^  has  contributed  some  very  important  data  as  to  the 
relation  between  increased  intracranial  tension,  cerebral  anemia  and 
respiration.  He  has  found  that  at  a  stage  during  the  height  of  com- 
pression there  occur  Traube-Hering  waves,  and  Gheyne-Stokes  respira- 
tion associated  with  rhythmical  change  in  blood-pressure,  the  low  blood- 
pressure  corresponding  to  the  period  of  apnea.  It  would  seem  that  the 
period  of  apnea  is  the  result  of  cerebral  anemia  produced  by  the  increased 
intracranial  tension  and  the  relatively  lower  general  blood-pressure. 


8.  Jackson,  J.  Hughlings,  and  Singer,  H.  Douglas:     Brain,  1902,  xxv,  122. 

9.  Gushing,  Harvey:     Am.  Jour.  Med.  Sc,  1902,  cxxiv,  375;   1903,  cxxv,  1017; 
Bull.  Johns  Hopkins  Hosp.,  1901,  xii,  290. 
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It  can  readily  be  seen  that  all  experiments  on  the  cerebral  circulation 
must  take  into  consideration  intracranial  tension,  and  such  experiments 
as  include  the  opening  of  the  cranial  cavity  without  subsequently  closing 
it,  must  be  discarded. 

Tlie  fact  that  increased  cerebrospinal  pressure  has  been  observed  dur- 
ing the  convulsion  of  epilepsy  (Bianchi/^  D'Ormea),  adds  considerable 
speculative  interest  to  our  observations  that  there  is  present  an  undulatory 
respiration  and  Traube-Hering  waves  together  with  a  fall  in  general 
blood-pressure  preceding  the  convulsion  in  all  our  cases. 

It  would  be  important  to  determine  by  further  work  any  possible 
relation  between  the  changes  found  by  us  and  any  change  in  the  cerebro- 
spinal pressure,  perhaps  similar  to  the  changes  found  by  Gushing  in 
experimentally  producing  increased  cerebrospinal  pressure.  From  our 
experiments  no  definite  conclusions  can  be  made  as  to  the  state  of  the 
cerebral  circulation  at  the  time  of  convulsion,  inasmuch  as  the  intra- 
cranial tension  was  not  measured.  A  vasoconstriction  of  the  peripheral 
vessels  does  not  necessarily  indicate  a  similar  condition  of  the  cerebral 
vessels. 

Our  one  case  in  which  petit  mal  attacks  were  studied  is  very  similar 
to  the  case  described  by  J.  Hughlings  Jackson  and  H.  Douglas  Singer 
and  shows  definitely  that,  whatever  the  nature  of  the  stimulus,  the  site 
of  discharge  either  acts  on  both  the  cerebrum  and  medulla  and  pons,  or 
on  the  medulla  and  pons  alone. 

The  presence  of  unrest  of  the  vasoconstrictor  and  respiratory  centers 
shown  by  the  Traube-Hering  waves  and  undulatory  respiration,  the  fall 
in  blood-pressure  preceding  the  convulsion,  and  the  cessation  of  respira- 
tion probably  due  to  vagal  interference,  as  well  as  the  aura  of  pneumo- 
gastric  type  following  shortly  after  the  fall  in  blood-pressure,  all  point 
to  the  bulbopontine  region  as  a  site  of  disturbance. 

The  irritation  may  have  commenced  at  the  cortex  and  spread  down- 
ward, being  felt  in  the  medulla  first,  or  it  may  have  commenced  in  the 
medulla  and  spread  upward;  in  this  particular  type  of  case  we  are  of 
the  opinion  that  the  site  of  discharge  is  in  the  medulla.  We  are  unable 
to  say  if  the  same  is  true  of  grand  mal  attacks  and  obviously  cannot 
make  any  assertions  for  epileptic  convulsions  in  general.  It  is  note- 
worthy that  the  sequence  of  events  in  the  petit  mal  attacks  of  one  patient 
was  the  same  as  that  observed  in  a  grand  mal  attack  in  the  same  patient 
and  that  two  other  grand  mal  attacks  in  two  other  individuals  presenting 
a  clinical  picture  of  ordinary  epileptic  convulsions  likewise  showed 
similar  manifestations. 


10.  Bianchi:     Ann.  di.  Neurol.,  1911,  xxix,  Part  .3. 
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CONCLUSIONS 

It  may  be  stated  that  with  regard  to  the  cases  observed  by  us : 

1.  There  are  present  in  many  eases  of  epilepsy  rhythmical  variations 
of  blood-pressure  other  than  those  due  to  respiratory  movements. 

2.  The  sequence  of  events  relative  to  a  convulsion  is  as  follows:  A 
preliminary  rise  in  blood-pressure  followed  in  series  by  a  sudden  drop 
of  blood-pressure,  a  period  of  apnea,  and  then  the  convulsion. 

3.  The  blood-pressure  was  relatively  low  during  convulsions  of  petit 
mal  type  and  during  some  of  the  corresponding  period  of  the  fits  of  the 
grand  mal  type. 

4.  The  pulse  was  rapid  during  the  convulsions. 

5.  A  study  of  the  changes  in  the  respiratory  and  circulatory  systems 

in  some  of  the  cases  of  epilepsy  suggests  that  the  site  of  discharge  is  in 

the  medulla  and  pons  (the  "lowest  level  of  fits"  of  Hughlings  Jackson). 

Likewise  it  points  to  the  medulla  as  participating  in  the  discharge  in  all 

cases  of  epilepsy  whether  this  discharge  originates  there  or  not. 

We  wish  here  to  express  our  gratitude  to  Dr.  H.  Douglas  Singer,  director  of 
the  Institute,  for  his  encouragement  and  kind  assistance. 
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As  a  preface  to  the  discussion  of  the  urinary  methylene-blue  test  for 
typhoid  fever,  it  seems  best  to  point  out  a  few  facts  regarding  the  value 
of  blood-cultures  in  the  diagnosis  of  typhoid  fever.  By  the  use  of  the 
more  modern  methods  for  the  isolation  of  the  typhoid  bacilli  from  the 
blood,  the  blood-culture  has  been  so  uniformly  successful  that  it  is  now 
recognized  as  the  diagnostic  means,  'par  excellence,  especially  for  an 
early  diagnosis.  This  procedure  is,  of  course,  to  be  recommended  in  all 
cases,  but  the  average  practitioner  does  not  possess  the  necessary  labora- 
tory skill  or  apparatus  for  this  test,  the  technic  being  rather  difficult. 
It  is  for  this  reason  that  a  number  of  tests  which  might  be  classed  as 
secondary  or  corroborative  are  of  much  clinical  value  and  significance, 
each  one  strengthening  the  physician's  diagnostic  armamentarium.  The 
urinary  methylene-blue  test  is  placed  in  this  class  of  corroborative  tests, 
and  is  discussed  with  that  view-point  in  mind. 

THE   EUSSO   REACTION 

The  use  of  methylene-blue  in  the  urine  as  an  aid  in  the  diagnosis  of 
typhoid  fever  was  first  described  by  Eusso^  in  1905.  The  technic,  as 
described  by  Eusso,  was  as  follows.  To  4  or  5  c.c.  of  the  patient's  urine 
add  4  drops  of  a  0.1  per  cent,  aqueous  solution  of  methylene-blue.  After 
thoroughly  mixing,  examine  against  the  light.  A  positive  reaction  is 
indicated  by  an  emerald  or  mint  green.  Any  tinge  of  blue  renders  the 
reaction  negative.  This  reaction,  according  to  Eusso,  is  not  affected  by 
boiling,  nor  by  the  ingestion  of  such  drugs  as  calomel,  quinin,  salol  and 
caffein.  If  the  urine  is  examined  from  day  to  day,  a  returning  bluish 
tinge  denotes  the  beginning  of  convalescene,  and  is  regarded  by  Eusso  as 
a  favorable  prognostic  sign.  He  obtained  positive  reactions  in  urines  in 
which  the  specific  gravity  was  from  1.016  to  1.030.  The  reaction  was 
constantly  negative  in  normal  individuals,  both  young  and  old,  and  in 
pregnancy,  labor,  scarlet  fever,  chicken-pox,  small-pox,  influenza,  acute 
and  chronic  bronchitis,  lobar  pneumonia,  bronchopneumonia,  acute  and 


*  Submitted  for  publication   in  The  Archives,  Jan.   14,   1913. 
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chronic  gastric  catarrh,  gastroenteric  fevers,  appendicitis,  renal  calculus, 
abscess  of  the  liver,  articular  rheumatism,  mitral  insufficiency,  epilepsy, 
neurasthenia  and  malaria.  A  positive  reaction  was  also  present  in 
measles  and  in  some  severe  cases  of  tuberculosis.  In  the  latter,  the 
appearance  of  a  positive  reaction  did  not  denote  the  height  of  the  fever, 
but  indicated  the  severity  of  the  infection.  The  reaction  has  no  relation 
to  indican  and  is  probably  caused  by  toxins  excreted  by  the  kidney. 
Privistcria  later  corroborated  the  work  of  Russo. 

The  subsequent  work  with  the  urinary  methylene-blue  reaction  has 
not  been  particularly  extensive,  and  does  not  tend  to  confirm  the  con- 
clusions of  Eusso. 

Cousin  and  Costa,^  using  the  method  as  described  by  Russo,  obtained 
a  positive  reaction  in  any  urine  which  was  dark,  that  is,  concentrated. 
This  obtained  not  alone  in  typhoid  fever,  but  in  any  other  disease  in 
which  the  urine  was  dark.  By  diluting  a  concentrated  urine  which  had 
given  a  positive  reaction,  a  blue  or  negative  reaction  was  obtained,  and 
by  concentrating  a  pale  urine  Avhich  had  shown  a  negative  reaction,  a 
green  or  positive  reaction  appeared.  They  concluded  that  the  production 
of  an  emerald  or  mint  green  was  not  a  chemical,  but  a  physical  phenom- 
enon; in  fact,  that  it  was  a  metachromasia,  produced  by  the  yellow  of 
the  urine  plus  the  blue  of  the  reagent.  They  also  used  the  method  of 
Roch,  and  Boudin  and  Monchton,  by  suspending  a  tube  of  the  blue  solu- 
tion in  a  large  tube  of  the  yellow  urine,  when  a  green  was  produced  in 
the  lower  portion  of  the  tube.  Russo's  facts  are  not  disputed,  but  his 
interpretations  of  them  are.  Their  final  conclusion  is  that  it  is  of  no' 
diagnostic  value,  since  in  any  febrile  condition  the  urine  is  concentrated 
in  the  early  stages,  and  gradually  becomes  lighter  in  the  stage  of  conval- 
escence. The  above  conclusions  were  confirmed  by  Gandy,^  Lesieur,* 
Theodoroff,^  SpieshoJS,®  Frankel,  Dmitrenko,'^  Dunger,^  Dibailoff^  and 
lovanne.^'* 
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Landolfi^^  agrees  with  the  above  authors  that  the  reaction  is  simply 
a  physical  phenomenon.  He  examined  particularly  cases  of  tuberculosis, 
and  whenever  the  color  produced  was  green  or  greenish  blue,  using  the 
method  of  Eusso,  he  repeated  the  test  after  decolorization.  The  urine 
was  decolorized  by  first  correcting  the  reaction  if  alkaline,  boiling  and 
filtering  to  remove  the  albumin.  To  10  c.c.  of  the  filtrate  from  5  to  10 
drops  of  a  saturated  solution  of  lead  acetate  was  added,  and  then  filtered 
through  a  double  filter.  With  5  c.c.  of  this  filtrate  the  test  was  made  in 
the  usual  manner.  In  a  few  cases  of  tuberculosis  in  the  last  stage,  a 
positive  reaction  was  still  obtained.  Working  on  the  basis  that  a  small 
amount  of  indican  is  normally  present,  a  deep  green  produced  with  a 
small  amount  of  indican  is  considered  positive,  while  a  greenish-blue 
with  a  large  amount  of  indican  is  considered  negative.  He,  however, 
does  not  regard  it  as  of  diagnostic  value. 

Carletti^^  confirmed  the  work  of  Landolfi,  and  quoted  Monchton  as 
believing  that  the  green  reaction  was  due  to  bilirubin.  However,  the 
reaction  is  present  even  in  urines  showing  no  bile  with  ammoniated  zinc. 
He  stated  that  the  specific  gravity  and  reaction  of  the  urine  had  no  effect, 
and  that  the  coloration  disappeared  in  from  twelve  to  twenty-four  hours, 
leaving  the  granules  of  pigment  floating  on  top,  although  Eusso  claims 
that  the  color  lasts  about  ten  days.  Carletti  considers  these  as  strong 
arguments  in  favor  of  the  hypothesis  of  a  physical  phenomenon. 

Grossi^^  followed  the  decolorization  method  of  Landolfi  and  confirmed 
his  results,  showing  a  few  positive  results  even  after  being  decolorized. 
However,  Grossi,  claiming  that  the  decolorization  was  not  complete,  added 
a  larger  quantity  of  lead  acetate  and  afterwards  used  animal  charcoal  to 
insure  a  thorough  removal  of  all  coloring  matter.  Using  this  method,  a 
positive  reaction  was  never  obtained  in  a  large  series  of  various  diseases, 
in  which  a  positive  reaction  was  obtained  before  decolorization,  in  all 
cases,  and  in  a  number  when  using  the  method  of  Landolfi. 

The  results  of  the  researches  of  Landolfi,  Grossi  and  Carletti  were 
confirmed  by  Montefusco,^*  Tolane  and  Ferrari.^^  The  latter  also  had 
similar  results  by  decolorization  with  charcoal  alone,  as  he  believed  that 
the  other  method  might  cause  some  chemical  changes.  An  examination 
of  the  urine  before  and  after  decolorization,  showed  some  slight  changes. 


11.  Landolfi,  M.:      La   Bleumetilenereazione.     Riv.  crit.   di  clin.  med.   Firenze, 
190G,  vii,  705. 

12.  Carletti,  M.:    Interno  alia  eosi  dctta  bleumetilenreazione.     Gazz.   d.   osp., 
Milano,  1906,  xxvii,  146. 

13.  Grossi,  T. :   Ancora  sulla  cosidetta  bleumetilenereazione.     Gior.  internaz.  d. 
sc.  med.  Xapoli,  n.  s.,  1907,  xxix,  268. 

14.  Montefusco,   A.:      La   bleumetilenereazione   nelle   malattie  infettive.     Gior. 
internaz.  d.  sc.  med.  Napoli,  n.  &.,  1907,  xxix,  460. 

15.  Ferrari,  G. :     Sulla  bleumetilenereazione.    Gazz.  d.  osp.  Milano,  1907,  xxviii, 
533. 
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He  also  claimed  that  the  reaction  was  not  affected  by  glucose,  indican, 
creatinin  and  acetone. 

Lambrior^"  found  the  reaction  to  be  irregular  in  t}T)hoid  fever,  as  it 
did  not  appear  in  some  cases,  and  in  others  was  alternately  negative  and 
positive  on  different  days.  He  also  had  positive  reactions  in  many  other 
diseases,  but  in  pleurisies,  it  was  only  present  in  the  tuberculous  variety. 
He  concluded  with  Zatzomir^"  that  it  was  of  no  clinical  value. 

Seuffert^*  emphasizes  the  difficulty  in  discriminating  between  greens 
and  greenish-blues.  Using  Eusso's  method  in  a  large  series  of  cases  of 
tuberculosis,  he  obtained  positive  reactions  in  many  cases,  but  he  does 
not  consider  it  of  much  absolute  value.  In  another  large  series  of  various 
diseases,  not  including  t3^hoid  fever,  a  negative  reaction  was  always 
present. 

Eolleston"  found  the  niethylene-blue  reaction  positive  in  forty-four 
out  of  fifty-four  cases  of  typhoid  fever,  using  the  method  of  Eusso.  Of 
the  ten  negative  cases,  eight  were  convalescent  and  two  were  very  mild 
cases.  Positive  reactions  were  obtained  occasionally  in  lobar  pneumonia, 
bronchopneumonia  and  scarlet  fever.  In  a  large  variety  of  diseases,  the 
reaction  was  constantly  negative.  He  regarded  it  as  an  excellent  indi- 
cator of  a  relapse,  and  also  claimed  that  its  disappearance  during  the 
course  of  an  attack  was  due  to  a  lack  of  function  of  the  kidney.  The 
filtration  of  the  urine  to  remove  phosphates  and  urates  is  advised  by  him. 
He  regarded  the  test  as  of  marked  diagnostic  value  due  to  its  simplicity 
and  its  early  appearance,  even  before  the  Widal  reaction. 

Boggs^°  states  that  "Eusso's  methylene-blue  test  has  been  shown  to 
be  absurd  and  deserves  no  further  notice." 

Eolph  and  Nelson-^  have  recently  published  a  report  of  their 
researches  as  performed  at  the  Toronto  General  Hospital.  For  a  year 
they  employed  it  as  a  routine  proceeding  in  the  hospital  and  vouch  as  to 
its  efficacy  as  a  diagnostic  aid  in  typhoid  fever,  if  applied  early  in  the 
disease.  Of  fifteen  patients  examined,  thirteen  gave  a  positive  Eusso, 
eight  of  these  gave  a  positive  diazo,  and  seven  a  positive  Widal.     Two 


16.  Lambrior,  A.  A.:  Note  sur  la  reaction  au  bleu  de  methylene  en  urologie 
et  sa  valeur  clinique.     Bull.  soe.  d.  med.  et  nat.  de  Jassy,  1905,  xix,  202  and  263. 

17.  Zatzomir,  V.  D.:  Thesis.  La  Reaction  au  bleu  de  methylene  et  sa  valeur 
clinique.     Jassy,  November,  1905. 

18.  Seuffert,  0.:  Kritische  Untersuchungen  uber  den  Ersatz  der  Ehrlich'sehen 
Diazoreaktion  durch  die  Russo'sche  Methylenblaureaktion.  Heidelberg,  1906,  J. 
Horning. 

19.  Rolleston,  J.  D.:  The  methylene  blue  reaction  of  Russo  in  enteric  fever. 
Med.  Press  and  Circ,  London,  n.  s.,  1906,  Ixxxiii,  303;  also  Transvaal  Med.  Jour., 
1906-7,  ii,  268. 

20.  Boggs,  T.  R. :  Laboratory  INIethods  in  the  Diagnosis  of  Typhoid  Fever.  Old 
Dominion  Jour.  Med.  and  Surg.,  Richmond,  1908-9,  viii,  161. 

21.  Rolph,  F.  W.,  and  Nelson,  W.  H.:  Some  Experiences  with  Russo's  Typhoid 
Fever  Test.     Med.  Sentinel,  Portland,  Ore.,   1910,  xxx,  449. 
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cases  reacted  negatively  to  all  three  tests.  One  of  these,  however,  gave 
a  positive  blood  culture  and  had  typical  symptoms.  The  other  was  an 
unusual  case.  The  method  of  Eusso  was  employed,  and  any  urine  con- 
taining bile  was  discarded,  as  it  gives  a  green  reaction  which  cannot  be 
distinguished  from  the  positive  reaction.  They  paid  especial  attention 
to  diseases  simulating  typhoid  fever  in  their  onset,  as  influenza,  endo- 
carditis and  slight  septic  cases,  but  the  reaction  was  constantly  negative. 
They  regard  the  cause  as  a  reduction  process  due  to  the  presence  of 
unknown  bodies  in  the  urine.  They  did  not  find  the  gradually  returning 
bluish  tinge  of  much  assistance  in  prognosis,  as  so  many  of  the  dangers 
of  typhoid  fever  are,  as  it  were,  accidental,  and  not  due  directly  to  the 
severity  of  the  infection. 

The  following  has  appeared  in  the  literature  since  the  report  of  Eolph 
and  N"elson,  all  observers  using  the  method  of  Eusso : 

Lemaire--  agrees  with  the  conclusions  of  Cousin  and  Costa,  et  al, 
that  the  test  is  of  no  clinical  value  and  that  it  is  simply  a  physical 
phenomenon.  He  also  states  that  it  disappears  after  decolorization  with 
lead  acetate  and  charcoal.  Eolph  and  Nelson's  conclusions  are  not  con- 
firmed.   Peskova-^  agrees  with  Lemaire. 

Grover-*  does  not  consider  the  methylene-blue  reaction  of  value,  par- 
ticularly when  compared  with  the  blood-culture.  He  did  not  find  it 
positive  in  all  cases  of  typhoid  fever,  but  found  it  positive  in  many 
non-typhoid  cases. 

Eankin^^  concludes  that  the  Eusso  reaction  appears  positive  in  typhoid 
fever,  pneumonia,  measles  and  empyema  and  occasionally  in  scarlet  fever 
and  other  diseases,  but  considers  it  of  some  diagnostic  value  in  typhoid 
fever.  He  states  that  it  appears  more  frequently  than  the  diazo  reaction, 
that  its  intensity  indicates  the  severity  of  the  infection,  but  disagrees 
with  Eolph  and  Xelson  that  it  is  a  good  indicator  of  a  relapse  or  of  lysis. 
It  is  not  pathognomonic  of  typhoid  fever. 

Ker^^  (quoting  Eankin)  thinks  unfavorably  of  the  Eusso  test  and 
considers  it  inferior  to  the  diazo  reaction. 

Gam.bill  and  Hawley^"  found  the  Eusso  reaction  positive  in  eleven 
cases  of  typhoid  fever  and  negative  in  all  other  cases,  except  in  tuber- 
culosis occasionally.    They  recommend  it  because  of  its  early  appearance. 


22.  Lemaire,  P. :     Reaction  de  Rusao  et  fievre  typhoide.     Gaz.  hebd.  d.  sc.  m&d. 
de  Bordeaux,  1912,  xxxiii,  124. 

23.  Peskova,  A.:     The  Russo  Reaction.    Med.  Obozr.,  1911,  Ixxvi,  155. 

24.  Grover,  A.  L. :     The  Value  of  Russo's  Typhoid  Fever  Test.     Boston  Med. 
and  Surg.  Jour.,  1912,  clxvi,  706. 

25.  Rankin,  T.  T.:     Russo's  Methylene-Blue  Reaction.     Hospital,  London,  1911- 
1912,  li,  87. 

26.  Ker:     Manual  of  Infec.  Dis.,  1910. 

27.  Gambill,  W.  H.,  and  ITawley,  M.  C:     Russo  Reaction  in  Typhoid  Fever. 
Illinois  Med.  Jour.,  Springfield,  1912,  xxi,  592. 
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before  the  Widal  or  diazo  reactions,  its  appearance  in  some  cases  in  which 
the  Widal  and  the  diazo  reactions  are  never  positive,  and  on  account  of 
its  simplicity.  Drugs  had  no  effect,  nor  had  boiling  sufficient  to  coagu- 
late albumin.  Their  cases  occurred  in  an  epidemic  in  the  Watertown 
State  Hospital,  and  they  were  able  to  eliminate  many  cases  by  this  simple 
test,  while  a  blood  examination  in  so  many  cases  would  have  been  no 
light  task. 

Hager^*  (quoting  Gambill  and  Hawley)  considers  the  methylene-blue 
reaction  more  accurate  than  the  diazo  reaction,  and  states  that  the  color 
disappears  on  prolonged  boiling. 

AS   A   CONFIEMATOEY   TEST 

Williams-^  concludes  that  the  Eusso  reaction  is  valuable,  especially 
when  used  in  conjunction  with  the  Widal  and  diazo  reactions.  Deduc- 
tions from  the  use  of  all  three,  he  claims,  will  clear  up  many  misty 
diagnoses.  He  advises  the  use  of  all  three  every  five  days  during  the 
course  of  the  disease.    His  table  of  conclusions  is  appended  below. 

Bouchot,  Bovier  and  Malespine^''  found  the  reaction  positive  in  fifteen 
out  of  seventeen  cases  of  typhoid  fever,  in  two  out  of  three  relapses,  and 
consider  it  to  be  of  good  diagnostic  value,  except  that  it  is  occasionally 
found  in  other  diseases,  as  measles,  erysipelas,  salpingitis,  pulmonary 
tuberculosis,  acute  gastric  indigestion,  tubercular  meningitis  and  pneu- 
monia. It  is  not  due  to  albumin  nor  urates,  nor  to  the  fever,  as  it  was 
negative  in  many  febrile  cases.  Its  appearance  in  such  diseases  as 
pneumonia,  erysipelas,  measles  and  small-pox  does  not  materially  lessen 
its  clinical  value,  as  the  clinical  signs  of  these  conditions  are  sufficient 
to  make  a  differential  diagnosis.  Its  appearance  in  tuberculosis  and 
acute  gastric  indigestion  is,  however,  not  favorable.  They  state  that  the 
positive  reaction  is  present  in  practically  every  case  of  typhoid  fever, 
appearing  usually  as  early  as  the  second  or  third  day. 

Wallis^^  concludes,  after  observation  in  many  different  diseases,  that 
it  is  very  valuable  in  the  diagnosis  of  typhoid  fever,  and  is  more  reliable 
than  the  diazo  reaction.  He  advises  the  use  of  a  control  of  normal  urine 
and  emphasizes  the  difficulty  of  detecting  the  proper  color,  at  first.  He 
agrees  with  Eusso  as  to  its  prognostic  import.  It  was  found  occasionally 
in  measles,  small-pox,  chronic  and  suppurative  tuberculosis.  He  never 
found  it  positive  in  acute  miliary  tuberculosis,  and  therefore  considers  it 
of  special  value  in  differentiating  that  condition  from  typhoid  fever. 


28.  Hager:     Zentralbl.  f.  inn.  Med.,  1905,  p.  1100. 

29.  Williams,  B.  G.  R. :  The  Widal,  Diazo  and  Russo  Reactions  in  Typhoid 
Fever — An  Interdependence.     Arch.  Diag.,  1912,  v,  53. 

.SO.  Bouchot,  Bovier  and  Malespine:  Valeur  diagnostique  de  la  reaction  de 
Russo  dans  la  fievre  typhoide.     Lyon  med.,  1912,  cxix,  103. 

31.  Wallis,  R.  L.  M.:  Methylene-Blue  Test  for  Typhoid  Fever.  St.  Earth. 
Hosp.  Jour.,  1912,  xix,  134. 
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AUTHOR  S    MODIFICATION 

It  is  not  the  purpose  of  this  paper  to  discuss  the  value  of  the  diazo 
reaction  of  Ehrlich,  nor  to  compare  it  with  the  Eusso  methylene-blue 
reaction.    However,  as  most  of  the  foregoing  authors  have  made  a  com- 


TABLE   1. — Occurrence  of  Reactions  in  Typhoid  Fever. 


Widal 

Diazo. 

Russo 

Appears  when? 

Appears     in     typhoid 

Appears  early  in  typhoid  fever. 

Appears     early    in 

fever   usually   after 

typhoid    fever. 

first  week. 

Relapse    and    com- 

Relapses  and   compli- 

Reappears   with    relapses,    but 

A  positive  reaction 

plications. 

cations     appear     to 

not  with  complications. 

which    grows    in 

have    no    effect    on 

intensity      prob- 

the reaction. 

ably   indicates   a 
giave     or     fatal 
issue. 

Is  the  tcchnie  diffi- 

Several    methods. 

Technic  simple. 

Technic    exceeding- 

cult? 

Some  d  i  f  f  i  c  u  1 1, 
others  fairly  simple. 

ly  simple. 

Eeaetion  time? 

Observation    of    from 

Technic  rapidly  completed. 

Technic  rapidly 

2  to  24  hours  neces- 

completed. 

sary. 

Acute    miliary    tu- 

Xever present  in  this 

May  appear  in  this  disease. 

Perhaps  never 

berculosis? 

disease. 

present. 

Always  present  in 

No. 

No. 

No. 

typhoid? 

In  measles? 

No. 

Sometimes. 

No. 

In  pneumonia? 

No. 

Sometimes. 

? 

In  malaria? 

No. 

Sometimes. 

No. 

In  smallpox? 

No. 

No. 

Yes. 

Chronic    tuberculo- 

No. 

Yes,  often  occurs  late  in  fatal 

Yes. 

sis? 

cases. 

Effect      of      drugs 

None. 

It    is    probable    that    no    drug 

The   positive    reac- 

taken internally? 

taken     internally    gives     the 

tion  seems  to  be 

true  diazo  reaction,  although 

given  by  several 

the    differentiation    of    these 

drugs,       notably 

pseudoreactions    may   require 

hexamethylena- 

some  skill.     Certain  of  these 

min. 

drugs  may  interfere  with  the 

positive  test. 

Reaction     late     in 

The  rule. 

The  diazo  test  which  makes  its 

? 

typhoid  ? 

first     appearance    after     the 
second   week,   points  to  mili- 
ary   tuberculosis.      When    a 
positive      reaction      suddenly 
appears  during  convalescence, 
a  relapse  is  expected. 

Persistent  reaction 

Gives     no     prognostic 

May   persist  throughout   infec- 

Persistent reaction 

in  typhoid? 

or  diagnostic  infor- 

tion    without     any     special 

probably  spells  a 

mation. 

significance. 

bad  prognosis. 

parative  study  of  the  two,  a  few  facts  might  be  stated  in  passing.  The 
diagnostic  and  clinical  value  of  the  diazo  reaction  of  Ehrlich  is  con- 
sidered superior  to  the  methylene-blue  reaction  of  Eusso  by  all  of  the 
authors  quoted  above  except  Seuflfcrt,  Wallis,  Hager,  Eankin,  Eolleston 
and  Eolph  and  Nelson,  who  consider  them  of  equal  value.    Seuffert  points 
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out  particularly  the  difficulty  of  properly  reading  the  results  of  a  diazo 
reaction.  He  states  that  it  often  becomes  a  matter  of  personal  judg- 
ment. Eolph  and  Nelson,  Wallis,  Hager  and  Eankin  even  place  the 
value  of  the  methylene-blue  reaction  above  that  of  the  diazo  reaction. 
Several  of  the  observers,  working  with  thoroughly  decolorized  urines, 
obtained  negative  diazo  reactions  in  urines  which  had  been  positive 
before  decolorization. 

The  facts  published  by  Eolph  and  Nelson  apparently  give  a  clinical 
value  to  this  reaction  which  has  been  previously  overlooked.  Stimulated 
by  this  very  successful  report,  the  reaction  was  instituted  in  the  George- 
town University  Hospital,  using  the  method  of  Eusso.  Shortly  after 
this,  Dr.  Behrend  suggested  that  larger  quantities  of  both  the  urine  and 
reagent  should  be  used.  Acting  on  this  suggestion,  a  modification  and, 
if  possible,  simplification  of  the  original  technic  was  attempted,  and  a 
satisfactory  one  was  evolved.  This  modification  has  been  used  at  the 
Georgetown  University  Hospital,  the  Garfield  Memorial  Hospital  and 
in  many  private  cases.  In  all,  over  twenty-five  hundred  specimens  of 
urine  have  been  examined,  in  about  one  thousand  different  cases.  During 
the  time  of  these  observations,  all  specimens  coming  to  the  laboratories 
were  used,  no  discrimination  being  made.  Special  attention  was  given 
to  diseases  simulating  typhoid  fever  and  to  all  septic  cases. 

TECHNIC 

The  modified  technic,  as  used  in  this  series,  is  as  follows : 

Make  an  aqueous  solution  of  methylene-blue  of  such  concentration  that  when 
thoroughly  mixed,  it  will  just  be  translucent.  Using  the  ordinary  test-tube,  use 
a  sufficient  quantity  of  the  methylene-blue  solution  to  fill  the  test-tube  just  above 
the  bowl.  Then  fill  the  test-tube  with  urine,  and  after  thoroughly  mixing,  examine 
against  a  good  daylight  and  note  the  color  reaction.  Emerald  or  mint  green 
indicates  a  positive  reaction,  while  any  tinge  of  blue  renders  it  negative. 

The  modified  technic  is  advantageous  because  it  simplifies  the  prepara- 
tion of  the  reagent,  it  obviates  the  necessity  of  using  exact  quantities, 
and  especially  it  gives  a  larger  quantity  of  fluid  by  which  the  correct 
color  may  be  judged.  It  might  be  added  that  the  solution  of  methylene- 
blue  keeps  indefinitely  without  apparently  undergoing  any  changes. 

It  is  a  fact,  not  to  be  disputed,  that  the  correct  reading  of  a  color 
reaction  is  a  very  difficult  matter  in  most  instances,  and  in  many  becomes 
a  matter  of  personal  interpretation.  The  differentiation  of  greens  from 
greenish-blues  and  some  light  blues  very  frequently  becomes  difficult. 
This  difficulty  was  experienced  in  making  these  tests,  and  although 
appearing  very  simple  in  actually  making  the  reaction,  the  proper  inter- 
pretation, nevertheless,  becomes  a  matter  of  experience.  An  ability 
accurately   to   distinguish   colors   is,   of  course,   essential.      The   whole 
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procedure  is  facilitated  by  the  use  of  a  larger  quantity  of  fluid,  and  by 
the  use  of  a  control  in  the  beginning.  The  latter  can  readily  be  made 
by  using  a  bile-containing  urine  which  produces  a  clear  emerald  green. 
Too  much  emphasis  cannot  be  laid  on  this  color  differentiation,  as  it  is 
probably  in  this  particular  that  many  of  the  earlier  observers  were  in 
error.  ^Yhen  only  5  e.c.  of  the  combined  fluids  are  used,  it  is  practically 
an  impossibility  properly  to  divide  a  series  of  colors  that  so  closely 
simulate  each  other.  The  color  to  be  obtained  is  an  absolutely  clear 
emerald  or  mint  green,  the  slightest  tinge  of  blue  immediately  indicating 
a  negative  reaction.  It  is  in  this  detail  of  the  test  that  a  perfect  judg- 
ment of  colors,  gained  by  experience  and  the  use  of  a  control,  is  abso- 
lutely essential.  Closely  observing  these  precautions,  a  number  of  dark 
urines  were  diluted  and  light  urines  were  concentrated,  and  in  no 
instance  did  a  previously  positive  urine  become  negative,  or  vice  versa. 
Certain  urines  must  be  eliminated  in  testing  for  this  reaction,  as 
they  produce  a  green  which  is  of  no  clinical  importance.  As  stated  by 
Eolph  and  Nelson,  those  containing  bile  must  be  discarded,  and  as  noted 
in  this  series,  those  containing  blood  must  also  be  discarded.  Urines 
rendered  cloudy  by  phosphates,  urates,  etc.,  should  be  filtered. 

RESULTS   WITH   MODIFIED   EUSSO   EEACTION 

In  this  series  of  one  thousand  different  cases,  the  only  diseases  show- 
ing a  constant  positive  reaction  were  typhoid  fever  and  malaria.  A  few 
positive  reactions  were  obtained  in  other  diseases,  but  these  were  not 
very  numerous. 

There  were  forty-six  cases  of  typhoid  fever  examined,  in  which  forty- 
one  gave  a  positive  methylene-blue  reaction.  Of  the  five  negative  cases, 
the  temperature  in  one  had  been  normal  for  five  days  and  in  another  it 
had  been  normal  for  two  days.  The  urine  of  the  third  patient  was 
neutral  in  reaction,  and  after  acidification  with  acetic  acid,  a  positive 
reaction  appeared.  This  same  case  showed  a  positive  reaction  later  when 
a  relapse  occurred.  Of  the  other  two  negative  cases,  one  was  a  very  mild 
one.  Of  the  forty-one  positive  cases,  two  never  showed  a  positive  "Widal 
reaction,  twelve  did  not  show  a  positive  Widal  until  a  number  of  days 
after  the  appearance  of  the  methylene-blue  reaction,  and  twenty-nine 
were  positive  to  both  tests.  In  the  last-mentioned  twenty-nine  cases,  one 
had  an  intercurrent  lobar  pneumonia  with  failure  of  resolution  and 
another  was  complicated  by  bronchopneumonia.  Still  another  was  a  case 
of  pulmonary  tuberculosis  with  an  intercurrent  t3rphoid  infection. 
Eusso's  observation  regarding  the  gradual  return  of  the  bluish  tinge 
during  convalescence  was  confirmed.  Its  prognostic  value  is  to  be 
doubted,  for,  as  stated  by  Eolph  and  Nelson,  the  dangers  of  typhoid  fever 
are  due  in  the  greater  part  to  accidents.     It  does,  however,  emphasize 
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the  necessity  of  using  the  test  early  in  the  disease,  as  it  usually  appears 
in  the  first  two  or  three  days  of  the  disease.  Its  constant  reappearance 
in  relapses  in  the  above  cases,  gives  it  some  value  in  this  respect. 

Of  nine  cases  of  malaria,  seven  of  the  tertian  and  two  of  the  estivo- 
autumnal  types,  all  gave  a  positive  reaction.  However,  a  negative  reaction 
was  quickly  obtained  on  the  fall  of  temperature  after  treatment  with 
quinin.  The  fact  that  a  positive  reaction  is  found  constantly  in  typhoid 
fever  and  malaria  does  not  seem  to  lessen  its  clinical  value,  as  a  differ- 
entiation is  usually  easily  made  by  the  clinical  signs  and  symptoms,  the 
blood  examination  and  the  therapeutic  test. 

The  other  diseases  examined  in  this  series,  and  in  which  a  negative 
reaction  was  obtained,  except  in  a  few  cases,  are  endocarditis,  influenza, 
interstitial  and  parenchymatous  nephritis,  localized  and  diffuse  peri- 
tonitis, tuberculous  peritonitis,  acute  gonorrheal  urethritis,  gonorrheal 
arthritis,  post-operative  fever,  slight  and  severe  septic  fevers,  septicemia, 
pulmonary  tuberculosis,  tuberculous  adenitis,  tuberculous  osteomyelitis, 
lobar  and  lobular  pneumonia,  erysipelas,  measles,  scarlet  fever,  chicken- 
pox,  mumps,  syphilis,  sarcoma,  carcinoma,  benign  tumors,  gastric  ulcer, 
gastritis,  gastro-enteric  intoxication,  anemia,  acute  articular  rheumatism, 
phlebitis,  gangrene,  exophthalmic  goiter,  diabetes,  cystitis,  tonsillitis, 
bronchitis,  abortion,  pregnancy,  cirrhosis  of  the  liver,  appendicitis,  and 
in  many  healthy  individuals,  a  number  of  whom  had  received  the  course 
of  typhoid  prophylactic  vaccination. 

A  few  positive  results  were  obtained  in  the  above,  namely,  one  case 
of  acute  articular  rheumatism,  two  cases  of  lobar  pneumonia,  one  case  of 
pregnancy  which  was  afebrile,  two  cases  of  abortion  which  were  afebrile, 
one  case  of  post-operative  fever,  two  cases  of  acute  pneumonic  tuber- 
culosis, one  case  with  an  irregular  fever,  in  which  the  Widal  was  negative, 
in  which  no  blood-culture  was  made  and  in  which  no  definite  diagnosis 
was  made,  and  one  case  of  cirrhosis  of  the  liver.  Other  cases  of  these 
same  diseases  were  carefully  examined,  but  at  no  time  was  a  positive 
reaction  present,  except  in  the  above  noted  instances. 

EECAPITULATION 

The  following  facts  are  stated  above,  but  to  recapitulate  for  a  moment. 
Many  observers  state  that  decolorization  changes  a  positive  to  a  negative 
reaction,  and  likewise  others  state  that  it  affects  the  diazo  similarly. 
Furthermore,  surely  such  strenuous  decolorization  as  with  lead  acetate 
and  charcoal  must  cause  some  chemical  changes.  The  statement  that  all 
dark  or  concentrated  urines  give  positive  results  is  incorrect,  as  observed 
in  this  series,  using  larger  quantities  of  fluid.  The  concentration  of  light 
urines  and  the  dilution  of  dark  urines  did  not  change  the  reaction 
previously  obtained. 
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The  opinions  of  the  different  observers  regarding  this  test  seem  to 
have  nm  almost  the  complete  gamut.  On  one  hand  a  small  minority 
attach  considerable  clinical  importance  to  it,  while  on  the  other  hand, 
a  large  majority  relegate  it  to  the  scrap  heap  as  worthless.  Very  few 
have  taken  the  middle  ground,  as  in  this  paper,  regarding  this  test 
simply  as  one  link  in  the  chain  of  evidence,  the  object  of  which  is  to 
make  a  correct  diagnosis.  Very  few  laboratory  tests  are  absolutely  path- 
ognomonic of  a  specific  disease,  this  one  being  no  exception,  and  likewise 
a  diagnosis  is  seldom,  if  ever,  made  on  a  single  sjTnptom  or  test.  It  is 
simply  by  the  ability  to  obtain  all  the  facts  bearing  on  the  case  that 
logical  conclusions  are  reached,  and  a  correct  diagnosis  made.  Williams^- 
very  aptly  states  that  many  tests  are  of  no  avail  because  they  are  not 
properly  interpreted.  He  points  out  that  in  bacteriological  work,  it  is 
the  positive  results  that  are  valuable,  as  finding  the  tubercle  bacillus  in 
the  sputum.     I  quote  him  below  regarding  the  chemical  reactions: 

It  is  the  negative  chemical  reaction  which  is  of  the  most  value.  A  urine, 
which  on  repeated  tests,  fails  to  show  serum  albumin,  probably  is  not  secreted 
by  an  inflamed  kidney,  and  the  physician  is  thus  spurred  on  to  search  for  further 
cause  of  the  trouble. 

With  these  limitations  in  mind,  we  have  recourse  to  a  host  of  valuable  short 
cuts  when  approaching  a  case  difficult  of  diagnosis.  For  example,  here  is  a 
patient  with  a  fever  probably  caused  by  the  typhoid  bacillus;  but  the  Widal 
reaction  is  as  yet  negative,  and  a  diagnosis  cannot  be  made  without  further 
evidence.  Holding  in  mind  this  patient,  let  us  consider  for  a  moment  the  chemical 
urinary  test  devised  by  M.  Eusso.  This  is  a  simple  little  reaction  which  may  be 
applied  by  any  physician  with  a  test-tube,  some  methylene-blue  and  two  minutes' 
time;  and  the  technic  of  which  is  repeated  so  frequently  in  current  medical 
literature  that  I  have  not  thought  best  to  give  it  space  here.  The  lazy  physician 
hoped  that  the  positive  reaction  would  enable  him  to  diagnosticate  all  his  cases 
without  having  to  study  his  patients,  and  as  soon  as  he  was  disappointed,  he 
condemned  the  test  in  no  uncertain  language.  It  is  not  to  be  denied  that  the 
positive  reaction  is  found  elsewhere  tlian  in  enteric  fever,  but  recalling  that  it  is 
the  negative  reaction  in  clinical  chemistry  which  aids  us  must,  suppose  we  apply 
it  to  the  patient  mentioned  above,  hoping  that  it  may  serve  us  as  a  short  cut. 

The  test  is  negative.  What  is  our  conclusion?  If  this  patient  has  a  fever,  this 
is  probably  not  caused  by  the  typhoid  bacillus,  and  Ave  may  as  well  set  about 
searching  elsewhere  for  the  cause  of  tlie  trouble.  Of  course,  such  a  presumption 
is  not  fair  unless  the  test  is  repeated  at  frequent  intervals.  I  have  seen  this 
test  in  its  negative  phase  direct  the  physician  to  an  abscess  of  the  gall-bladder 
and  in  another  case  to  a  pyelitis. 

SUMMARY 

1.  The  constant  positive  reaction  in  typhoid  fever  and  its  rare  appear- 
ance in  other  conditions,  gives  this  test  marked  corroborative  value.  A 
negative  reaction  is  very  good  evidence  that  the  condition  is  not  typhoid 
fever. 


32.  Williams,  B.  G.  R.:     Some  Short  Cuts  to  Diagnosis.     Med.  Times,  Decem- 
ber, 1912,  p.  361. 
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2.  Its  prognostic  value  is  to  be  doubted^  but  its  continued  appearance 
in  severe  cases,  and  reappearance  in  relapses  is  important. 

3.  Its  simplicity  strongly  recommends  it,  with  certain  limitations, 
to  wit,  that  a  differentiation  of  the  true  greens  from  the  bluish-greens 
is  a  matter  of  practice  and  experience. 

4.  Its  very  early  appearance  will  aid  in  isolating  a  suspected  patient 
at  once,  and  general  prophylactic  measures  will  be  instituted. 

5.  The  success  met  with  in  this  series  with  the  modified  technic 
should  insure  a  complete  investigation  for  this  reaction. 
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ax  ixteoductiox  to  the  sxudy  of  infection  and  immunity.  including 
Sebum  Therapy,  Vaccine  Therapy,  Chemotherapy  and  Sebum  Diagnosis. 
By  Charles  E.  Simon,  M.D.,  Professor  of  Clinical  Pathology  and  Experimental 
Medicine,  College  of  Physicians  and  Surgeons,  Baltimore.  Octavo,  301  pages; 
illustrated.     Cloth,  $3.25,  net.     Lea  &  Febiger,  Philadelphia,  1912. 

The  immense  and  rapidly  increasing  literature  on  the  subjects  considered  in 
this  book,  the  novelty  of  many  of  the  discoveries  and  the  complexity  of  terminology 
make  commendable  efforts  at  a  connected  account  of  the  present  situation.  From 
his  own  participation  in  the  subject  and  his  success  as  a  bookmaker,  the  author 
of  this  work  was  justified  in  undertaking  it.  On  the  whole,  he  may  be  congratu- 
lated on  his  success.  He  has  given  a  fairly  adequate  view  of  the  theory  and 
practice  of  the  subject.  It  is  especially  true  of  the  more  "practical"  chapters, 
for  in  the  introductory  part  the  author  indulges  in  a  fancy  for  splitting  hairs  and 
for  obiter  dicta.  Thus,  it  seems  unnecessary  to  exalt  immunity  studies  by  empha- 
sizing the  imperfection  of  previous  knowledge.  The  folly  of  such  a  course  is  well 
illustrated  when,  after  the  trite  and  overworked  emphasis  on  the  imperfections  of 
art,  the  author  grudgingly  admits  that  it  is  a  debatable  point  whether  the  means 
at  Nature's  commands  are,  after  all,  perfect.  He  might  get  some  suggestions  from 
a  recent  paper  by  Maverick  {Med.  Rec,  Oct.  12,  1912).  As  the  latter  says,  "What 
does  Nature  do  for  the  patient  in  the  stupor  of  typhoid,  with  renal  calculus,  ulcer 
of  the  pylorus,  a  torn  cervix,  high  blood-pressure?"  We  doubt  if  it  is  true,  and 
feel  sure  that  the  author  cannot  prove,  that  "typhoid  fever  patients  always 
still  pursue  the  same  course  which  was  so  well  described  by  the  physicians  of  the 
middle  ages."  We  are  not  sure  where  the  author  finds  his  references,  but  believe 
that  while  some  medieval  physicians,  like  Nathan  Smith  at  a  later  period,  cared 
well  for  their  patients,  those  of  to-day  pursue  a  much  better  course  than  they 
did  fifty  or  a  hundred  years  ago. 

A  similar  obscurity  surrounds  the  author's  discussion  of  infection,  which  has 
no  advantages  over  the  current  ideas  among  thoughtful  writers.  The  same 
tendency  is  shown  in  the  discussion  of  virulence,  though  in  this  the  practical 
relations  of  A'irulence,  the  effects  of  passage  through  animals  and  capsule  forma- 
tion are  admirably  described. 

The  most  important  discoveries  m  immunology  are  well  and  clearly  described 
so  that  the  various  theories,  the  terminologies  and  the  important  phenomena,  like 
anaphylaxis,  active  and  passive  immunity  and  chemotherapy,  are  adequately 
presented. 

The  most  useful  preventive  and  therapeutic  methods  are  well  described;  chemo- 
therapy is  sufficiently  described  in  connection  with  salvarsan,  and  the  work 
closes  with  a  clear  description  of  diagnostic  methods  including  the  Widal,  Wasser- 
mann,  tuberculin  and  luetin  tests.  It  will  prove  a  useful  guide  to  physicians, 
and  a  convenient  reference  for  advanced  workers  who  are  not  able  to  obtain  first 
hand  information  on  all  the  problems  discussed. 
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THE  EELATIOX  OF   GASTEIC  AXD   DUODEXAL   ULCER   TO 
VASCULAR    LESIOXS* 

W.     OPHuLS,     M.D. 

SAN    FRAXCISCO 

The  importance  of  local  disturbances  in  circulation  in  the  etiology  of 
gastric  and  duodenal  ulcer  appears  to  be  a  well  established  fact  with  the 
majority  of  those  who  have  made  a  close  anatomical  stud}^  of  this  con- 
dition. Still  this  view  seems  to  be  far  from  generall}^  accepted.  Only 
a  short  time  ago  a  special  committee  was  organized  in  Germany  for  the 
collective  investigation  of  the  causation  of  ulcer  of  the  stomach.  In  its 
circular  this  committee  makes  the  following  statement :  "The  nature  of 
ulcer  of  the  stomach  has  not  yet  been  explained.  Even  if  we  have  been 
successful  in  producing  gastric  ulcers  experimentally,  with  all  their 
characteristic  signs,  yet  the  etiology  of  gastric  ulcer  in  man  is  practically 
unknown."    Schiitz^  says  quite  recently: 

We  still  Jiave  very  incomplete  and  inaccurate  ideas  as  to  its  etiology  antl 
its  development  and  in  this  regard  have  to  resort  to  hypotheses.  Even  the 
experimental  investigations  of  gastric  ulcer,  resumed  lately,  have  not  advanced 
us  very  much.  All  these  investigations  labor  under  the  difficulty  that  the 
ulcerations  which  were  produced  experimentally  resemble  the  ulcers  observed 
in  man  in  their  appearance  but  not  in  their  course.  They  have  confirmed  the 
old  experience  that  local  disturbances  in  circulation  play  a  part  in  the  produc- 
tion of  the  ulcers;  but  they  have  not  been  able  to  give  an  adequate  explanation 
of  their  peculiar  course. 


*  Submitted  for  publication  in  The  Archives,  Feb.  19,  1913. 

*  From  the  Pathological  Laboratory,  Stanford  University  Medical  Department. 
1.  Schutz:    Ulcus  Ventriculi   und   Ulcus  Duodeni.      Wiener   Klin.   Wchnschr., 

1912,  XXV,  1513.  "Wir  betreft's  ihrer  Aetiologie  und  Genese  noch  recht  unvoU- 
kommene  und  unklare  Begrifl'e  haben  und  in  dieser  Hinsicht  nach  wie  vor  auf 
Hypothesen  angewiesen  sind.  Audi  die  in  neuerer  Zeit  wieder  aufgenommene 
experimentelle  Erforschung  des  J\lagengeschwurs.  .  .  .  hat  uns  in  dieser 
Richtung  nicht  erheblich  vorwiirts  gebracht.  Allen  diesen  l^ntersuchungen  haftet 
eben  der  Mangel  an,  dass  die  Kunstlich  erzeugten  Geschwiirs-prozesse  wohl  in 
ihrer  Form,  nicht  aber  in  ihrer  Verlaufsweise  sich  mit  den  beim  Menschen 
vorkommenden  Gaschwiiren  vergleichen  lassen.  Sie  haben  nur  die  alte  Erfahrung 
bestjitigt,  dass  lokale  Zirkulations-stfirungen  bei  der  Entstehung  der  Gesclnviire 
eine  Kolle  spielen;  iiher  die  Ursache  ihres  eigentiimliclien  Verlaufs  liabeu  sic  uns 
keine  geniigende  Erkliirung  zu  geben  vermocht." 
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A  very  similar  point  of  view  is  shown  in  a  very  interesting  article  bv 
Aschoif-  dealing  with  the  mechanical  conditions  which  are  of  importance 
in  the  pathogenesis  of  gastric  nicer  and  in  which  he  comes  to  the  follow- 
ing conclusion : 

At  any  rate  tlie  above  mentioned  investigations  permit  of  the  conclusion  that 
although  disturbances  of  circulation  of  all  sorts  are  of  importance  in  the  develop- 
ment of  acute  ulcers,  their  chronic  character,  their  location  and  their  shape  depend 
primarily  on  meclianical  conditions,  on  prolonged  contact  with  gastric  juice  at 
physiologic  or  pathologic  points  of  narrowing,  on  mechanical  friction  and  stress 
at  the  lesser  cvn-vature  along  which  the  ingesta  pass  to  the  pylorus,  and  do  not 
depend  on  primary  disease  of  the  blood-vessels. 

Very  mucli  the  same  position  is  taken  by  Bolton''  in  England.  He 
says : 

"The  main  object  of  the  paper  has  been  to  show  how.  by  an  extension  of  an 
acute  ulcer  and  the  secondary  inflammatory  thickening  which  affects  the  same 
and  is  a  necessary  consequence  of  the  untreated  condition  of  the  ulcer,  a  chronic 
ulcer  arises.  The  funnel  shape  of  an  ulcer  is  not  due  to  the  fact  that  it  arises 
as  a  result  of  vascular  occlusion,  it  is  merely  the  result  of  the  mode  of  spread 
of  the  ulcer." 

It  may  not  be  out  of  place,  therefore,  to  restate  the  reasons  advanced 
for  the  belief  that  gastric  and  duodenal  ulcers  arise  primarily  from 
vascular  lesions  and  to  add  a  few  personal  observations  which  support 
this  idea. 

Yirchow  first  pointed  out  clearly  the  apparent  relation  of  local  vas- 
cular disturbances  to  gastric  ulcer.  He  states*  that  according  to  his 
experience  the  ulceration  is  preceded  by  a  hemorrhagic  necrosis  of  the 
mucous  membrane  and  the  disturbance  in  circulation  which  is  its  cause 
he  is  inclined  to  attribute  to  vascular  lesions.  He  mentions  in  particular 
disease  and  obstruction  of  arteries.  He  points  out  that  only  a  local 
cause  will  account  for  such  an  exquisitely  localized  lesion'^  and  he  is  said 


2.  Aschoff:  Ueber  die  Mechanischcn  ^lomente  in  der  Patliogenese  des  runden 
Magengeschwiirs  und  liber  seine  Beziehungen  zum  Krebs.  Deutsch.  med. 
\\  clinschr.,  1912.  xxxviii,  494.  "Jedenfalls  lassen  die  obigen  Unterschungen  den 
Schluss  zu,  dass  zwar  fiir  die  Entstehnng  der  akuten  Geschwiire  Zirkulations- 
storiingen  allcr  Art,  fiir  das  Chronischwerden,  den  zitz  und  die  Form  der  Gesch- 
wiire aber  vor  allem  mechanische  Momente,  laiigerer  Stillstandskontakt  mit  dem 
yiagensaft  an  den  physiologischen  und  pathologischen  Engpiisson.  mechanische 
Reibung  und  Schiebung  an  der  Gleitknrvatur.  aber  Kcine  primiiren  Gefiisser- 
krankungen  heranzuziejien  sind." 

.3.  Bolton:  Origin  of  Chronic  Ulcer  of  Stoniacli  in  Acute  Variety  of  Disease. 
Quart.  Jour.  Med.,   1912,  v,  429. 

4.  Virchow:  Historisches,  Kritisches  und  Positives  zur  Lehre  der  Unterleibs- 
affectionen.  Virchows  Arch.  f.  path.  Anat..  185.3,  v,  362.  "Eine  solche  Unter- 
brechung  (der  Cirkulation)  kann  gewiss  auf  mchrfache  Weise  geschehen.  allien 
ich  halte  es  fiir  richtig,  nacii  dem,  was  icli  gesehen  liabe,  dass  sie  meistentheils 
auf  Erkrankungen  der  Magengefiisse.     .     .     .     zuriickzufiihren  sei." 

5.  The  local  character  of  the  lesion  in  gastric  ulcer  had  already  attracted 
Cruveilhier's  attention.  In  his  original  description  of  gastric  ulcer  (Cruveilhier : 
Anat.  pathol.  (]u  corps  llnmain.  etc..  Paris  lS29-lS3.'j.  x)  he  exclaims:  "Mais 
pourquoi  un  point,  uii  srMilc  point  de  I'cstomac  est-il  profond^ment  affecte." 
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to  have  pointed  to  the  funnel  shape  of  the  ulcers  as  an  additional  argu- 
ment of  their  relation  to  the  vascular  system, 

Merkel*'  seems  to  have  been  the  first  to  publish  cases  of  gastric  nicer 
in  which  vascular  lesions  were  actually  demonstrated.  One  of  them  was 
that  of  a  woman  of  about  100  years  of  age  with  very  marked  atheroma 
and  general  arteriosclerosis,  in  wliom  he  fonnd  at  autopsy  an  acute  per- 
forated duodenal  ulcer  due  to  a  plainly  visible  thrombosis  of  the  arteria 
pancreatico-duodenalis. 

The  most  im.portant  work,  however,  was  done  by  Hauser'  in  1883, 
and  published  i]i  his  excellent  monograph  on  gastric  ulcer  and  its  rela- 
tion to  carcinoma.  Hauser  refers  to  Merkel's  cases  and  recounts  a  case 
of  his  own  of  a  recent  gastric  ulcer  in  a  woman  of  51  years  of  age.  In 
the  sections  from  the  ulcer  he  found  an  arteriosclerotic  artery  filled  with 
thrombus.  After  a  careful  analysis  of  the  whole  problem  he  comes  to 
the  following  conclusions: 

The  hemorrhagic  infarct  which  piecedes  the  formation  of  the  ulcer  results 
'always  from  a  permanent  interruption  of  the  circulation  in  the  small  arteries 
which  ascend  fiom  the  subniucosa  into  the  mucous  membrane.  The  disturbance 
in  circulation  may  be  caused  by  embolism  or  by  autochthonous  thrombosis  or 
tearing  of  such  an  artery.  The  hemorrhagic  infarct  is  followed  by  a  chronic 
ulcer,  only  when  the  disturbance  in  circulation  follows  local  disease  of  the  blood- 
vessels of  the  stomach.  In  case  of  local  disease  of  the  gastric  vessels  the  ulcer 
assumes  a  chronic  atonic  character,  because  the  development  of  blood-vessels 
which  is  necessary  to  permit  healing  cannot  occur  normally  from  pathologic 
blood-vessels.  The  degree  of  vascular  disease,  therefore,  determines  the  more  or 
less  chronic  character  of  the  ulcer. 

The  last  statement  in  regard  to  the  chronic  ulcer  of  the  stomach  is  of 
particular  importance,  because  it  is  oiTered  as  an  explanation  of  the  fail- 
ure to  produce  chronic  ulcers  by  experiments  which  otherwise  confirmed 


(].  Merkel:  Kasuistischer  Beitrag  zur  Entstehung  des  runden  Magenge- 
schwiirs,  Wien.  med.  Presse,  1866,  vii,  754,  770;  Zur  pathologischen  Anatomic 
des  Magengeschwiirs,  Wien.  med.  Presse,  1869,  x,  913. 

7.  Hauser:  Das  chronische  ^lagengeschwiir.  Sein  Vernarbungsprocess  und 
dessen  Beziehungen  bur  Entwicklung  des  IMagencarcinoms.  Leipzic,  F.  C.  W. 
Vogel,  1883.  "Der  zum  Geschwiir  fiihrende  haemorrhagische  Infarkt  der  ]\Iagen- 
sehleimhaut  bildet  sich  stets  infolge  einer  dauernden  Unterbrechung  des  Blut- 
stromes  in  den  kleinen  von  der  Subniucosa  zur  Schleimhaut  aufsteigenden 
Arterienstiimmchen.  Diese  Cirkulationstorung  kann  bedinget  sein  entweder  durch 
Embolic  oder  durch  autochthone  Thrombose  oder  Zerreissung  eines  solciien 
Arterienstiimmchens.  Zum  chronischen  Magengeschwiir  fiihrt  der  haemorrhagische 
Infarkt  der  Magenschleimhaut  nur  dann.  wenn  die  Cirkulationsstorung  a  us 
einer  localen  Erkrankung  der  Magengefasse  selbst  hervorgegangen  ist.  Bei  einer 
localen  Erkrankung  der  Magengefiisse  nimmt  das  Geschwiir  deshalb  einen  chroni- 
schen atonischen  C'harakter  an.  weil  die  zur  Heilung  erforderliche  Gefiissneubil- 
dung  von  pathologisch  veriinderten  Gefiissen  nieht  in  normaler  Weise  vor  sich 
gehen  kann:  der  mehr  oder  minder  ciironische  Charakter  des  Gesclnviirs  ist  daher 
durch  den  Grad  der  Gefilsserkrankung  bedingt." 
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Virehow's  theory.  Panum/  in  1862,  produced  an  acute  gastric  nicer 
with  all  its  anatomical  characteristics  by  embolic  obstruction  of  one  of 
the  arteries  of  the  stomach.  Cohnheinr'  perfected  the  technic  by  inject- 
ing- chromate  of  lead  directly  into  one  of  the  arteriae  gastricae  ^yhich 
arise  from  the  splenic  artery.  Animals  kiUed  within  a  few  days  of  the 
experiment  showed  typical  acute  gastric  ttlcers,  but  all  animals  killed 
after  the  second  week  showed  a  normal  mttcous  membrane  as  an  eyidence 
of  the  remarkable  regenerati^e  power  of  this  structure,  which  has  been 
brought  out  more  and  more  clearly  by  later  experimentation.  It  is 
impossible  here  to  enter  into  the  tiumerous  attempts  which  haye  been 
made  since  to  jn-oduce  gastric  ulcers  experimentally.  Suffice  it  to  say 
that  the  latest  etideayors  in  this  direction  by  Payr"  and  by  Suzuki^^  are 
based  on  Cohnheim's  idea.  They  haye  been  somewhat  more  successful 
because  in  their  experiments  through  the  use  of  injections  of  hot  salt 
solution,  dilute  formaldehyd  and  dihtte  alcohol  (Payr).  or  of  sih'er 
nitrate,  epinephrin  or  dilute  solution  of  nicotin  (Suzuki),  more  exten- 
siye  local  vascular  lesions  have  been  produced.  This  practically  confirms 
Hauser's  statement  in  regard  to  the  interdependence  of  the  degree  of' 
yascitlar  disturbance  and  the  ehronicity  of  the  ulcer.  Bttt  in  these 
experiments  even,  the  chronic  ttlcers  so  prodttced  which  may  perforate 
and  which  may  show  extensiye  cicatrization  with  contraction  iti  their 
surroundings,  heal  eyentttally.  It  is  eyidently  impossible  experimentally 
to  reproduce  exactly  the  conditions  as  they  exist  in  man,  bttt  the  resetn- 
blance  of  these  experimental  ulcers  to  those  iit  mati  is  yery  striking.^- 
Hattser  made  another  yery  important  obseryation.  It  had  been 
asserted  then,  and  is  still  frequently  asserted  now.  that  ulcer  of  the 
stomach  is  most  frequently  found  in  young  individuals,  more  especially 
in  young  women  suffering  from  chlorosis.  This  view  is  based  on  the 
clinical  experience  that  such  individuals  often  suffer  from  symptoms 
like  hematemesis,  which  are  commonly  attril)uicd  lo  ulcer.  Frequently, 
however,  this  clinical  assumption  lacks  sufficient  justification  in  fact,  as 
is   shown   by  the   experience   of  surgeons   who   have   operated    on    such 


8.  Panum:  l^eitrjige  zur  Lehre  von  der  EniV)olii'.  Vircliows  Arcli.,  1862.  xxv, 
400.  In  a  dojr  he  injected  gloliules  of  black  wax  tlirongh  a  catheter  introduced 
into  tlie  crural  artery  and  ])usl)ed  to  tlie  lower  border  of  tlie  ribs.  The  animal 
died  nine  and  one-half  hours  after  the  experiment.  In  the  fundus  of  the  stomacli 
he  found  an  ulcer  of  the  size  of  a  hazelnut  witli  black  wall  and  bottom.  \Vax 
was  found  in  arteries  in  the  muscle  and  some  in  tlic  black  margins  of  the  ulcer. 

9.  Cohnheim:    Vorlcsungen    iiber  a'llgcmcine    Pathologic.   Berlin,    1880,   ii,   53. 

10.  Payr:  Ueber  Pathogenese.  indikationstclluiig  und  Therapie  des  runden 
Magcngeschwiirs.  Deutsch.  med.  Wchnschr..  1 !!()!),  xxxv,  1556;  Beitriige  zur 
Pathogenese,  pathologischen  Anatomic  und  radicalen  operativen  Therapie  des 
runden  Magcngeschwiirs.     Arch.  f.  klin.  Chir..  l!tl<r,  xciii.  436. 

11.  Suzuki:  Experimentcllc  Krz<'ngung  des  .Magcngesclnviirs.  Aicli.  f.  Uliii. 
Chir.,   1912,  xcviii,  032. 

12.  See  photographs  in   I'ayr's  and   Suzuki's  pai)crs    (1.  c.   iKitc-    Id  and    11). 
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patients.  Haiiser,  looking  over  the  material  of  the  pathological  institute 
at  Erlangen,  discovered  that  so  far  as  necropsies  show,  ulcer  of  the 
stomach  is  not  so  exclusively  or  even  frequently  a  disease  of  the  young 
as  had  been  supposed.  In  his  series  the  majority  of  cases  occurred  after 
30.  This  observation  of  Hauser's  has  been  later  confirmed  by  much 
larger  statistical  material.  Oberndorfer/^  who  bases  his  statistics  on 
3,il2  necropsies,  among  which  there  were  239  cases  of  gastric  ulcer  or 
of  scars  remaining  from  the  same,  gives  the  following  table  in  regard 
to  ages : 

Age,  years.  Cases.  Age,  years.  Cases. 

10-19 5  50-59 49 

20-29 21  60-69 55 

—  70-79 33 

26  Over  80 11 

30-39 24  

40-49 41  213 

The  preponderance  of  individuals  over  30  is  evident.  He  also  makes 
the  significant  statement,  that  in  old  age  one  finds  not  only  old  ulcers, 
but  frequently  fairly  recent  ones.  Oberndorfer's  statistics  also  correct 
the  impression  that  gastric  ulcer  is  more  commonly  found  in  women 
than  in  men.  He  finds  exactly  the  same  proportion  in  both  sexes.  He 
also  shows  that  ulcer  of  the  stomach  is  Just  as  common  in  Munich  as  else- 
where, whereas  Municli  was  supposed  to  enjoy  a  peculiar  relative  immun- 
ity from  this  disease.  There  is  perhaps  no  other  disease  in  which  we  have 
been  indulging  in  so  many  preconceived  notions  which  it  is  so  difficult  to 
eradicate  when  they  are  once  fairly  establislied.  Paus,^*  in  Christiania, 
Xorway,  on  the  basis  of  100  cases  of  gastric  and  duodenal  ulcer,  estimates 
the  average  age  in  man  at   50y^  years  and  in  women   at  48%  years. 

Hauser  was  also  the  first  to  call  attention,  to  the  fact  that  gastric 
ulcer  is  frequently  associated  with  general  arteriosclerosis,  which,  of 
course,  supports  the  vascular  theory.  This  remarkably  close  association 
was  what  called  my  attention  to  the  matter.  In  studying  arteriosclerosis 
the  rather  common  occurrence  of  gastric  or  duodenal  ulcer  in  arterio- 
sclerotics became  so  evident  that  almost  unconsciously  I  began  to  look 
on  it  as  a  lesion  comparable  to  arteriosclerotic  scars  in  heart  and  kidneys, 
and  I  have  so  treated  it  in  my  paper  on  subacute  and  chronic  nephritis^" 

Apart  from  the  peculiar  funnel  shape  of  many  of  the  deep  ulcers, 
there  is  one  feature  which  to  my  mind  points  very  strongly  to  a  relation 
of  the  ulceration  to  local  disease  of  the  arteries.     This  is  the  frequent 


13.  Oberndorfer :    Ueber    die    Hiiutigkeit    des    Ulcus    rotuiiduni    vontriciili    in 
Miinchen.     Miinchen.  mtxl.  Wclinschr.,   1909,  Ivi,   1640. 

14.  Paus:   Statistische  Bemerkungen  liber  peptische  Ulcfratioiien.     IJerl.  klin. 
Wclinschr.,  1912,  xlix.  397. 

15.  Ophiils,   W. :    Subacute  and   Chronic   Nephritis   as   found    in   one  thousand 
unselected  necropsies.     The  Archives  Int.  Med..  1912,  ix,  156. 
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erosion  of  arteries  at  the  base  of  tlie  ulcer,  followed  by  severe  arterial 
hemorrhage.  If  the  blood-vessels  were  merely  accidentally  opened  by  a 
gradual  extension  of  the  ulceration  into  the  tissues  there  is  every  reason 
to  believe  that  veins  would  be  more  likely  to  be  opened  than  arteries. 
This  point  has  really  not  received  the  attention  which  it  deserves.  One 
has  taken  this  fact  of  the  frequent  erosion  of  arteries  as  a  matter  of 
course,  which  it  is  not  at  all,  and  it  is  astonishing  how  indefinite  the 
statements  in  literature  are  in  regard  to  this  phase  of  the  subject.  The 
majority  of  authors  are  quite  content  to  repeat  Cruveilhier's  haphazard 
statement  that  severe  hemorrhages  are  apt  to  come  from  the  splenic 
artery,  which,  so  far  as  my  experience  goes,  is  very  exceptional  to  say 
the  least.  The  hemorrhages  come  from  those  arteries  which  supply  that 
part  of  the  gastric  or  duodenal  wall  in  which  the  ulcers  are  situated ; 
that  is,  in  the  usual  position  of  these  ulcers  the  hemorrliage  arises  from 
branches  of  the  arteria  gastrica  or  gastro-epiploica  dextra  or  of  the 
arteria  pancreatico-duodenalis.  If  the  ulcer  is  the  result  of  obstruction 
of  such  an  artery,  either  by  disease  or  embolism,  one  understands  at  once 
why  the  necrosis  should  involve  these  arteries,  and  an  opening  result 
when  the  necrotic  material  is  removed  by  digestion.  The  wonder  is 
then,  not  that  we  have  so  many  severe  heniorrliagos,  but  that  we  do  not 
have  them  even  more  frequently. 

Much  has  also  been  said  about  the  abundant  blood-supply  of  the  walls 
of  the  stomach  and  duodenum  and  about  the  numerous  anastomoses 
between  the  arteries.  As  a  matter  of  fact,  anyone  who  takes  the  trouble 
to  dissect  the  arteries  of  the  stomach  will  be  astonished  how  poorly 
supplied  with  arteries  are  those  parts  of  the  wall  of  the  stomach  and 
duodenum  where  we  usually  find  ulcers.  This  is  particularly  true  of  the 
extreme  pyloric  end  of  the  stomach,  at  the  lesser  curvature  and  on  the 
posterior  wall,  and  of  the  beginning  of  the  duodenum  at  its  convexity. 
In  the  living,  W.  J.  Mayo^'''  noticed  the  appearance  of  an  anemic  spot 
on  the  duodenum  on  the  slightest  traction.     He  says : 

Tlie  arraiijioinent  of  tlio  blood-vessels  immediately  distal  to  the  jjylorus  is  such 
that  this  traction  may  interfere  with  the  vascularization,  and  the  local  anemia 
thus  produced  causes  a  white  spot  to  appear  on  the  duodenum  just  below  the 
pylorus. 

A\'ilkie^'  made  a  very  careful  study  of  the  blood-supply  to  the  first 
part  of  the  duodenum.  He  finds  that  the  spot  described  by  Mayo  is 
supplied  by  a  small  artery  of  varying  origin  (the  "supraduodenal"  artery) 
which  is  practically  an  end-artery.  He  also  states  that  anastomoses 
between  some  other  arterial  branches  which  supjily  the  first  part  of  the 


16.  Mayo,   W.   .J.:    Anemic    Spot   fin    the   Duoih-nuin    which    may    l)e    Mistaken 
for  Ulcer.     Surg.  Gyn.  and  Obst..  1!)()S.  vi,  flOO. 

17.  Wilkie:   The  Blood  Supply  of  (lie  Duodeiniiii.     Surjr.,  Hyti.  and  Ohst..   IHll. 
xiii,  399. 
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duodenum  are  hv  no  means  free.  He  mentions  in  cases  of  duodenal 
ulcer  the  frequency  of  arteriosclerosis  in  the  arteries  which  suppl}-  the 
site  of  duodenal  ulcers,  and  for  all  these  reasons  he  believes  that  lack  of 
blood-supply  is  an  important  factor  in  the  production  of  duodenal  ulcer. 

Payr^«  also  calls  attention  to  the  frequency  of  thrombotic  or  arterio- 
sclerotic obstruction  in  arteries  in  resected  specimens  of  human  Tdcers. 

The  accompanying  tables  give  the  results  of  my  own  observations. 
The  cases   are   unselected   ones,   found   among   about   1,500   necropsies. 


Fie 


1. — Photoyrapli  nt  ulcers  in  Case  I.  IS    (XVI-5S), 


I  believe  that  Table  1  brings  out  strikingly  the  frequent  coincidence  of 
well-maiked  general  arteriosclerosis  with  what  for  want  of  a  better  name 
we  may  call  "chronic  gastric  or  duodenal  ulcer  in  individuals  over  30.*' 
In  all  cases  in  which  such  an  examination  was  possible  a  microscopic 
examination  of  the  arteries  at  the  base  of  the  ulcer  showed  very  marked 
thickening  of  the  intima,  and  frequently  in  addition  complete  closure 

18.  Payr:  Deutscli.  nied.  Wt-linschr..  1900.  x.xxv.  1550.  "Die  Gefiisse  finden 
wir  niclit  selten  in  Bereieli  dieser  Starre  verandert;  sie  ziegen  Wandverdickungen, 
Endarteritis,  Endoplilebitis,  Organisation  nach  thrombotisehen  Verschlusse." 


TABLE  1. — Cases  of  Chkoxic  Ulcer  of  Stomach 


No. 


Sex. 


Age, 
Years. 


Location  and   Appearance 
of  Ulcer. 


Condition    of    Arteries 
Local. 


1 
1-75 


1-77 

3 
1-lOU 

4 
IV-58 

o 
lV-71 


6 
lV-82 


V-126 


8 
IX-.50 


!) 
JX-.58 


10 
IX-67 


11 

XI-28 


12 
XI-41 


13 
XII -38 


14 
XI1M4 


If) 

xni-112 


10 
XIV-IO 


17 

XV -or, 


IS 
XVI-.58 


Male 

Male 

Male 

Female 
Male 

Male 

Male 
Male 

Male 
Male 
Male 
Female 

Female 
Male 

Male 
Male 
Alale 

Male 


Over  60 

Over  70 

About     40 

Over  60 
54 

45 


01 


01 


Over    00 
72 
39 

40 
About    55 

45 
45 

07 

Ab>ut  50 


Shallow  chronic  ulcer  at  lesser 
curvature. 

Deep  chronic  ulcer  1.5  x  1  cm.  in 
pyloric  region,  head  of  pancreas 
involved. 

Deep  chronic  ulcer  1x2  cm.  in 
posterior  wall  of  pylorus. 

Deep  chronic  ulcer  size  of  quar- 
ter in  posterior  wall  of  pylorus. 

Rather  shallow  chronic  ulcer 
0x2  cm.  on  lesser  curvature  and 
anterior  wall  at  ijylorus. 

Deep  chronic  ulcer  4  x  2.5  cm.  on 
lesser  curvature  near  pylorus. 


Not  examined. 


Xot  examined. 


Xot  examined. 


Xot  examined. 

Marked  arteriosclerosis 
of  small  artery  at 
base. 

Xot   examined. 


Deep  chronic  ulcer  2  cm.  in  diam-  Marked     arteriosclerosis 

eter    on    lesser    curvature    and 

anterior  wall  near  pylorus. 
Deep    chronic    ulcer    1.5    cm.    in 

diameter  at  pylorus. 


Deep  chronic  ulcer  about  1.5  cm. 
in  diameter  at  pylorus. 

Deep  chronic  ulcer  3  cm.  in 
diameter  in  posterior  wall  at 
pylorus. 

Deep  chronic  ulcer  1.5  cm.  in 
diameter  in  dundenuni  2  mm, 
from  pylorus. 

Small  chronic  ulcer  in  anterior 
wall  near  lesser  curvature, 
chronic  perforating  ulcer  in  pos- 
terior wall  of  duodenum  near 
pylorus. 

Chronic  ulcer  2x1  cm.  in  ante- 
rior wall  about  1  cm.  from 
lesser  curvature  about  10  cm. 
from  pylorus. 

Chronic  ulcer  about  1  x  1.5  cm. 
at  lessei-  curvature  half  way  l)e- 
twten  cardia  and   pylorus. 


Chronic  ulcer  about  1.5  cm.  in 
diameter  on  lessci-  curxalnrc 
5  cm.  from  pylorus. 

Chronic  ulcer  on  lesser  curva- 
ture half  way  between  pylorus 
and  cardia. 

Chioiiic  ulcei-  about  1.5x0.75  cm. 
in  (iModeiiiuii  alioiit  1  em.  fion 
pyloru-^. 

'i"\vo  small  clironie  uleeis  about  ( 
nun.  in  diameter  about  (i.5  cm. 
fif)m  pylorus,  one  on  lesser 
cuivatuic.  tlie  ntlier  about  2cm. 
from    it    on    im-lerioi-    wall. 


of  all  arteries  near  ul- 
cer, one  entirely  closed. 
Xot   examined. 


Xot   examined. 


Marked  arteriosclerosis 
in  arteries  at  bass  of 
ulcer. 

Xot  examined. 


Xot  examined. 


Xot   examined. 


Very  marked  arterio- 
sclerosis in  all  arterial 
branches  at  base  of  ul- 
cer extending  beyoni! 
cicatrix. 

X^ot  examined. 


Xot   examined. 


Xot  exainined. 


Very  maiked  arterio- 
sclerosis of  arterial 
branches  running  to 
ulcer  and  of  arterioles 
in  base  of  ulcer. 


Associated   with    General   Aisteeiosclerosis 


Condition    of    Arteries. 
General. 


Condition  of  Aorta  and 
of  Heart. 


Kemarks 


.Marked  peripheral  arteriosclerosis, 
large  arteriosclerotic  scars  in  heart 
and  kidneys. 

.Marked  peripheral  arteriosclerosis, 
large  arteriosclerotic  scars  in  kidneys. 

Extreme  arteriosclerosis  of  small  arter- 
ies;  arteriosclerotic  nephritis. 

Arteriosclerosis  of  coronaries  and  arte- 
riosclerotic scars  in  kidnej^s. 

Slight  arteriosclerosis  of  larger  arter- 
ies: arteriosclerotic  scars  in  kidneys. 


.Moderate   arteriosclerosis    of   peripheral 
arteries:   arteriosclerotic  scars  in  kid- 


Arteriosclerosis  of  splenic  and  renal 
arteries. 

Marked  peripheral  arteriosclerosis; 
necrosis  and  arteriosclerotic  scars  in 
lieart;  arteriosclerotic  softening  of 
Inain;   arteriosclerotic  scars  in  kidneys. 

.Marked  pei'ipheral  arteriosclerosis 
with  cerebral  softening:  arterioscle- 
rotic scars  in  heart  and  kidneys. 

Motlerate   peripheral   arteriosclerosis. 


Marked        peripheral        arteriosclerosis; 
arteriosclerotic   scars  in  kidneys. 

Peripheral       arteriosclerosis;       arterio- 
sclerotic scars  in  kidneys. 


^loderate      peripheral      arteriosclerosis; 
arteriosclerotic    scars    in    kidneys. 


Moderate     peripheral      arteriosclerosis; 
arteriosclerotic  scars  in  kidneys. 


Marked  ])eripheral  arteriosclerosis 
witli  nuiltiple  thrombosis. 

^larketl  arteriosclerosis  of  some  per- 
iplieral  arteries;  arteriosclerotic  scars 
in  ki<lneys. 

Marked  peripheral  arteriosclerosis  in- 
cluding large  abdominal  arteries  and 
branches:  arteriosclerotic  scars  in 
lieart  and  kidneys. 

Marked  peripheral  arteriosclerosis; 
small  areas  of  softening  in  brain: 
small  arteriosclerotic  scars  in  kidneys. 


Marked  atheroma  of  aorta ; 
heart  twice  normal  size. 

Marked  atheroma  of  aorta ; 
atrophy  of  heart. 

Slight  atheroma  of  aorta ; 
concentric  hypertrophy  of 
left   yentricle. 

Marked  atheroma  of  aorta ; 
atrophy  of  heart. 

Slight  atheroma  of  aorta ; 
marked  hypertrophy  of  left 
ventricle;  heart  twice  nor- 
mal size. 

Slight  atheroma  of  aorta ; 
heart  normal. 


Atrophy  of  lieart. 

Moderate  atheroma  of  aorta. 
Heart  %  normal  size. 


^Moderate  atheroma  of  aorta. 
Heart  %  normal  size. 

Normal  aorta,  normal  heart 


Very  marked  atheroma  of 
aorta;  heart  Vi;  normal 
size. 

Atheroma  of  aorta ;  heart 
11/4   times  normal  size. 


Moderate  atheroma  of  aorta ; 
heart  normal. 


Aorta  and  heart  normal. 


Slight  atheroma  of  aorta ; 
marked  concentric  hyper- 
trophy of  left  yentricle. 

Slight  atheroma  of  aorta ; 
normal  heart. 

Slight  atheroma  of  abdom- 
inal aorta:  heart  li/4  to  2 
times  normal  size. 

Moderate  atheroma  of  aorta  ; 
heart   i-'.  normal  size. 


Death    from   suppura- 
tiye   cholecystitis. 

Death    from    broncho- 
pneumonia. 

Death    from     strepto- 
coccus tonsillitis. 

Death  from  carcinoma 

of  cecum. 
Erosion   of   artery. 


Perforation,  local  ab- 
scess, erosion  of 
artery,  large  hemor- 
rhage. 

Erosion  of  artery; 
large   hemorrhage. 

Erosion  of  artery; 
fatal    hemorrhaae. 


Erosion      of      artery ; 
fatal   hemorrhage. 

Erosion      of      artery ; 
fatal    hemorrhage. 

Death    from    broncho- 
pneumonia. 


Perforation : 
peritonitis 


acute 


Perforation;      subdia- 
phragmatic   abscess. 


Severe  local  arterio- 
sclerosis; death  in 
epileptic  coma. 


Stenosis  of  pylorus; 
dilatation  of  stom- 
ach. 

Perforation ;  local 
abscess  formation. 

Death  from  unresolved 
pneumonia. 


Case  of  transverse 
myelitis  and  chronic 
pulmonary  tubercu- 
losis. 
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by  subsequent  thrombosis.     These  were  by  far  the  most  numerous  cases 
of  gastric  or  duodenal  ulcer  (18  out  of  23). 

One  should  not,  however,  imagine  that  it  is  always  an  easy  matter  to 
find  the  diseased  artery.  Frequently  numerous  sections  must  be  cut 
from  different  places:  in  other  words,  the  whole  floor  of  the  ulcer  must 
be  studied  microscopically,  before  the  diseased  artery  or  arteries  are 
found.  It  is  astonishing  how  often  directly  adjoining  an  almost  normal 
artery  one  finds  another  l)ranch  wliich  is  badly  diseased  (Fig.  5). 


Fig. 
sliowins 


2. — Photograph    of   outer    surface  of   stomach    in   Case   1.    18    (X\'l-58) 
arteriosclerotic  arteries  leading  to  ulcer. 


The  most  interesting  case  of  this  series  is  the  hist  one  ( Xo.  18,  xvi, 
58).  Figure  1  gives  a  ])icture  of  the  gross  lesions.  'J'hcrc  were,  in  a  case  of 
severe  general  arteriosclerosis,  two  small  almost  synnnetrical  chronic 
ulcers  on  either  side  of  the  lesser  curvature,  somewliat  nearer  the  cardia. 
Figure  2  shows  the  arteriosclerotic  hi-anchcs  of  the  artcria  gastrica  which 
can  be  traced  to  the  base  of  both  ulcers  which  arc  situated  at  X.X.  Fig- 
ures 3  and  4  show  sections  of  these  arteries;  Figure  3  some  distance  from 
the  ulcer  anrl  Figure  4  the  same  artery  in  the  cicatricial  tissue  at  the 
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base  of  one  of  the  ulcers.  (I  may  say  that  conditions  in  the  other  ulcer 
were  very  similar.)  In  Figure  4  the  arteriosclerotic  narrowing  is 
apparently  intensified  by  an  additional  obstruction  with  organized 
thrombus. 

One  question  remains  to  be  answered :  How  do  we  know  that  the 
obstruction  of  the  arteries  in  these  cases  is  primary  and  not  secondary  to 
the  clironic  inflammatory  changes  at  the  base  of  the  ulcers,  as  has  been 
claimed  so  frequently?  In  the  first  place  we  can  point  to  a  well-marked 
general  arteriosclerosis  in  all  cases  which,  although  frequent  at  this  age, 
is  not  so  constant  that  we  should  expect  to  find  it  so  regularly  and  so  well 


Fig.   3. — ]\Iicroplu)tograph   of  arteiiosck'rotic  artery    in   Case   I.    18    (XVI-58) 
near  ulcer. 


developed.  In  the  second  place,  the  lesion  of  the  arteries  can  always  be 
followed  up  to  points  well  beyond  the  cicatricial  base  of  the  ulcer. 
Thirdly,  in  a  number  of  cases  at  least,  the  lesion  is  histologically  evi- 
dently arteriosclerosis  as  defined  by  Jores;  that  is,  there  is  an  abundant 
splitting  up  of  the  elastic  membrane  between  intima  and  muscle  and 
much  new-formation  of  elastic  tissue  (Figures  3  and  4).  But  even  in 
those  cases  in  which  this  is  not  so  evident,  I  still  believe  that  we  have  to 
deal  with  arteriosclerotic  lesions  as  distinct  from  local  endarteritis.  The 
condition  represented  in  Figure  5  is  almost  conclusive  on  this  point. 
This  photograph  shows  a  rather  cellular  intimal  thickening  in  a  branch 
of  one  of  the  gastric  arteries  without  anv  new  formation  of  elastic  tissue 


Fig.  4. — Microijliotograph   of  arterio>^clei(itii'   artery   in   Ca>;e   I.    IS    (XVI-58). 
Note  cicatrical  tissue  at  base  of  ulcer. 


l'"i{r.  5. — Micro]jIiMt()<>in|)li  of  arteriosclerosis  of  loancli  of  gastric  artery  witli- 
out  hyperplasia  of  elastic  tissue  in  case  (if  general  arteriosclerosis  witiiout  gastric 
ulcer"  (Case  P,  371). 


Fig.    6. — Microphotograph    of    diseased    artery    ending    abruptlv    on    floor    of 
ulcer  in  Case  I,   10    (TX-(i7). 


Fig.  7. — ]Micro]iliot()grai>li  (jf  eellular  intimal  thickening  in  artery  some  dis- 
tance away  from  ulcer  in  case  of  gastric  ulcer  in  a  voung  man.  (Case  II,  3, 
VII-93.) 
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ill  a  case  of  general  arteriosclerosis.  There  was  no  gastric  nicer  present 
ill  tliis  case,  therefore  no  local  inflammation  which  could  produce  end- 
aiteritis.  This  case  is  also  particularly  interesting  because  there  was  a 
small  scar  in  the  outer  layer  of  the  muscular  wall  of  the  stomach  at  the 
point  supplied  by  the  obstructed  artery;  in  other  w^ords,  a  lesion  abso- 
lutely identical  in  origin  with  an  arteriosclerotic  scar  of  the  heart  muscle. 

TABLE  2. — Cases  of  Chroxic  Ulcer  of  Stomach 


Xo. 

Sex. 

Age, 
Years. 

Location  and   Appearance 
of  Ulcer. 

Condition    of    Arteries, 
Local. 

1 
111-91 

Male 

33 

Deep  chronic  ulcer  1  cm.  in  diam- 
eter   at    pylorus    over    head    of 

Marked   arteriosclerosis. 

2 

V-88 

Male 

24 

pancreas. 
Old    scar    and    perforating    ulcer 
1  cm.  in  diameter  in  duodenum 
near  j)ylorus. 

Marked  "acute"  arterio- 
sclerosis   of   all    arter- 
ies near  ulcer  and  scar. 

3 
VII-93 

Male 

39 

Shallow   chronic  iilctr   3..}   cm.    in 
diameter     on     lesser     curvatnie 

At     base     large     artery 
almost    obliterated    bv 

4 
XV-131 

Male 

30 

0   cm.   from   pylorus. 
Chionic    perforating    ulcer    about 
L5   cm.    in    diameter   in   wall    of 
duodenum    2    mm.    from    jiyloi'iH. 

"acute"   endarteritis. 

Xo  arteriosclerosis  in  some  of  the  arteries  in  scar,  but  at  base  of  ulcer  one  arterv  and 


TABLE  3.— Acute  Embolic 


Xo. 

Sex. 

Age,                  Location  and  Appearance 
Years.                                of  Ulcer. 

Condition    of    Arteries. 
Local. 

1 
.\IV-30 

Male 

63 

Acute  deep  ulcer  about  6  x  1.5  cm. 
in   posterior  wall   of   duodenum 
directly  adjoining  pylorus,  pan- 
creas exposed. 

t 

t  At  base  of  ulcer  small  jicrforated  artery  which  is  blocked  by  easily  detached  piece  of 

Figure  6  taken  from  aiiollier  case,  is  of  some  interest  on  account  of 
the  suggestive  way  in  which  the  obstructed  artery  opens  up  on  tlio 
surface  of  the  ulceration.  The  artciT  is  eroded  from  in  fVont  and  not 
from  the  side.  I  have  found  m-inv  sudi  ])lacc>  in  my  spcciinen.  some- 
times several  in  one  ulcer. 

In  regard  to  tlie  reasons  why  sucli  idccrs  sliould  Ix'conu'  clironic,  T 
have  very  little  to  add  to  ]Iauser's  arguments.  It  is  merely  a  matter  of 
malnutrition  of  the  adjoining  tissues  wliieh  prevents  regeneration  and 
wliich  we  cannot  imitate  in  our  ('Xpciiniciits  on  animals. 
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My  impression  is  that  such  aiteriosclerotie  ulcers  in  persons  over 
30  Ileal  very  rarely,  and,  from  what  I  can  gather  from  literature,  they 
are  extremely  refractory  to  treatment. 

The  second  group  of  ulcers  (11,  1-4)  in  young  individuals  is  quite 
different.  There  is  no,  or  very  little,  general  arteriosclerosis.  The  arteries 
show  a  local,  usually  quite  cellular,  endarteritis  as  shown  in  Figure  7.   In 

IN  THE  Young  with  Local  Arteriosclerosis 


Condition   of   Arteries. 

Condition  of  Aorta  and 

General. 

of  Heart. 

Remarks. 

Small   arteriosclerotic  scars   in   kidneys. 

Atrophy     of     aorta     and     of 

Stenosis     of     pvlorns 

heart. 

dilatation  and  hyper 
trophy  of  stomach. 

Api)arently  normal. 

Apparently  normal. 

He  cere  local  arterio 
sclerosis;  perfora 
tion ;  acute  perito 
nitis. 

Slioht  peripliei-al   arteriosclerosis. 

Slight  athei-oma  of  thoracic. 

Severe    local    arterio 

more  marked  of  abdominal 

sclerosis;  fatal  hem 

aorta;   normal  heart. 

orrhage. 

Slight  peripheral  arteriosclerosis. 

Heart  and  aorta  small. 

Severe  local  arterio 
sclerosis;  perfora 
tion ;  fatal  perito 
nitis. 

its  branches  practically  occluded  by  arteriosclerosis. 
Ulcer  of  Stomach. 


Condition   of   Arteries. 
General. 


Condition  of  Aorta  and 
of  Heart. 


Remarks. 


Slight  peripheral  arteriosclerosis. 


Slight    atheroma     of    aorta ; 
heart  %  normal  size. 


Acute    embolic    ulcer 
fatal  hemorrhage. 


thrombus   (embolus-thrombi  in  left  heart  and  in  aorta). 


\ 


these  cases  the  question  whether  the  arterial  disease  is  primary  or  second- 
ary is  much  more  open  to  discussion,  although  I  am  inclined  to  believe, 
that  in  such  instances  also  one  is  dealing  with  a  local  primary  disease  of 
the  arteries  like  that  which  nobody  denies  to  exist  in  cases  of  spontane- 
ous gangrene  of  the  leg  in  young  individuals.  The  one  strong  reason  in 
favor  of  this  view  is  that  the  disease  in  the  arteries  in  these  cases  also 
usually  extends  a  good  distance  beyond  the  base  of  the  ulcer  as  sliown 
in  Figure  7. 
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Here  also,  as  in  the  case  of  early  gangrene,  the  question  arises 
whether  the  intimal  thickening  is  primary  or  secondary  to  thromhosis. 
The  few  cases  at  my  disposal  hardly  justify  any  final  conclusions  in  this 
regard. 

It  is  quite  likely  that  ulcers  of  this  second  group  have  a  more  marked 
tendency  to  heal,  unless  the  individuals  die  from  perforation  or  from 
hemorrhage,  although  in  Case  11,  Table  1,  a  definite  stenosis  of  the 
pylorus  was  produced  by  one  of  them.  Tt  may  he  that  Tyson'"  has  such 
cases  in  mind  wlien  he  says: 

I  consider  the  division  between  acute  and  clironic  ulcer  much  more  marived 
than  Sir  Bertrand  Dawson  has  admitted.  I  have  seen  some  300  cases  of  gastric 
ulcer  during  tlie  last  thirty  years  and  have  watched  their  progress.  With  regard 
to  cases  of  gastric  ulcer  under  25,  if  they  do  not  die  suddenly  from  hemorrhage 
and  perforation  they  invariably  get  well,  whereas  the  chronic  cases  after  30 
form  another  class  consisting  as  often,  if  not  more  often,  of  men  as  of  women. 

T  do  not  think  it  is  well  to  distinguish  these  two  groups  as  acute 
and  chronic  ulcer,  although  there  is  some  truth  in  this  distinction.  I 
should  prefer  to  speak  of  them  as  the  gastric  (or  duodenal)  ulcer  of 
the  young  and  as  the  arteriosclerotic  ulcer  of  later  life. 

Case  3.1  is  a  typical  case  of  acute  embolic  ulcer  of  the  duodenum  with 
fatal  hemorrhage.  Such  ulcers  have  been  frequently  described  in  liter- 
ature, especially  after  burns  and  after  operations  (I  myself  observed 
another  case  after  hysterectomy),  and  are  generally  conceded  to  be  due 
either  to  embolism  or  thrombosis  as  the  case  may  be. 

CONCLUSIONS 

From  the  above  T  belie^■e  we  are  justified  in  drawing  the  following 
conclusions : 

1.  The  most  common  type  of  gastric  (or  duodenal)  ulcer,  at  least 
in  material  ol)tained  l)y  necropsy,  is  the  arteriosclerotic  ulcer  in  ])ersons 
over  30  years  of  age. 

2.  There  is  a  second  class  of  gasti'ic  (or  duodciml)  uleer,  in  the 
young,  which  is  ])robably  due  to  local  endarteritis   ( thrombo-arteritis?). 

3.  Tn  addition  to  these,  one  occasicinally  oljscrves  acute  embolic  (or 
thrombotic)  idcers. 

Sacramento  and    WChstci-  Streets. 
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EFFECT    OF    CPIANGE    OF    POSTUEE  — WITHOUT    ACTIVE 

MUSCULAE  EXEETION— ON  THE  AETEEIAL 

AND    VENOUS    PEESSUEES  * 

JOSEPH    H.    BARACH,    M.D.,  and    W.    L.    MAEKS,    M.D. 

PITTSBXJEGH 

In  this  consideration  we  present  the  results  of  our  investigations  on 
the  effects  produced  by  change  of  posture,  when  this  change  is  brought 
about  without  effort  on  the  part  of  the  subject.  It  is,  of  course,  under- 
stood that  in  the  standing  posture  there  is  exerted  a  constant  muscular 
effort,  while  in  the  horizontal  posture  this  element  is  eliminated. 

METHODS 

Our  subjects  were  placed  on  a  table  with  a  movable  top.  This  top 
was  set  and  balanced  so  that  when  the  subject  was  once  placed  in  posi- 
tion, he  had  no  further  occasion  for  voluntary  muscular  effort.  After 
stepping  onto  the  foot-board  of  the  table,  which  was  about  6  inches  above 
the  floor,  the  arm-pieces  of  the  blood-pressure  instruments  were  attached. 
The  instrument  for  arterial  pressure  was  of  the  usual  type,  mercury, 
column,  cuff  10  cm.  wide.  The  apparatus  for  measuring  the  venous 
pressure  was  that  of  the  type  constructed  by  Hooker  and  Eyster,  which 
is  a  modification  of  the  one  by  Von  Eecklinghausen.  The  cuff  of  the 
arterial  pressure  apparatus  was  applied  to  the  right  arm  at  the  heart 
level;  the  venous  measuring  attachment,  to  the  left  arm  whenever  pos- 
sible, at  the  level  of  the  auricle.  The  arterial  pressure  readings,  maxi- 
mum and  minimum  by  the  auscultatory  method,  were  made  one  every 
minute,  beginning  on  the  minute,  for  five  consecutive  minutes.  After  the 
fifth  reading,  the  venous  pressure  was  estimated.  The  venous  pressure 
reading  finished,  the  subject  was  instructed  to  lean  back  in  a  completely 
passive  way,  on  the  table  board.  He  was  then  tilted  to  the  horizontal 
posture,  and  the  table  top  was  fastened  down  with  a  chain.  In  most 
instances  it  would  not  have  been  necessary  to  fasten  the  board  on  account 
of  the  balancing  toward  the  upper  half  of  the  table.  Five  consecutive 
readings  of  the  maximum  and  minimum,  pressures  were  made  in  this 
posture,  and  about  half  a  minute  after  the  last  arterial  reading  the  venous 
pressure  was  estimated.  The  table  was  gradually  retilted  to  the  erect 
posture  when  five  arterial  readings  and  one  venous  estimation  were  again 
made. 


*  Presented  at  the  Fifteenth  International  Congress  of  Hygiene  and  Demog- 
raphy, Washington,  D.  C,  September,  1912. 

*  Submitted  for  publication  in  The  Archives,  Jan.  28,  1913. 

*  From  the  Department  of  Student  Health,  Carnegie  Institute  of  Technology. 
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We  presumed  that  five  minutes  was  a  sufficient  length  of  time  for  the 
circulation  to  orient  itself  in  response  to  the  effects  of  this  change  of 
posture,  and  by  eliminating  as  much  as  possible,  the  active  muscular 
effort,  we  expected  results  that  would  be  of  easier  interpretation  than 
when  the  subject  exerts  himself  in  changing  his  postures. 

Material.  —  The  forty-eight  subjects  of  these  experiments  were 
students  at  the  Carnegie  Institute  of  Technology;  their  ages  varied 
between  15  and  30  years.  About  one-third  of  these  were  members  of  the 
various  athletic  teams.  Their  state  of  health,  their  muscular  develop- 
ment, the  condition  of  their  hearts  and  their  strength  tests  all  enter  into 
this  consideration  and  will  be,  respectively,  considered  as  influential 
factors  in  the  behavior  of  the  circulation  as  it  responds  to  changes  in 
posture. 

Arterial  Pressures. — The  height  of  the  maximum  arterial  pressures  in 
this  series  was  at  the  usual  level.  A  curve  based  on  the  ages  of  the 
subjects  would  show  a  gradual  increase  with  the  advance  of  years. 

In  comparing  the  regularity  of  the  maximum  and  minimum  pressures 
we  find  that  the  minimum  pressure  level  is  more  constant — is  subject  to 
less  variation  than  the  maximum. 

It  is  interesting  to  note  in  the  individual  cases  how  much  fluctuation 
in  the  blood-pressure  actually  takes  place  each  minute  under  psychic 
influences.  We  have  eliminated  almost  every  other  element  in  these 
experiments  except  this  one,  which  is  largely  a  matter  of  personal  equa- 
tion. The  error  due  to  this  is  inherent  in  all  work,  on  the  healthy  and 
diseased,  on  the  strong  and  the  weak.  So  far  as  the  reliability  of  the 
total  results  is  concerned,  we  believe  this  to  be  a  neglible  factor,  particu- 
larly since  we  carried  the  experiments  over  a  five-minute  period.  The 
illustrations  show  this  constant  oscillation  of  the  arterial  pressures. 

Venous  Pressure. — The  venous  pressure  readings  were  taken  whenever 
possible  on  the  arm  at  the  level  of  the  subcostal  angle,  i.  e.,  at  the  level  of 
the  right  auricle.  Such  were  the  only  cases  included  in  our  series  on 
which  we  base  our  figures  of  what  constitutes  an  average  normal  venous 
pressure. 

Our  findings  in  those  cases  in  which  we  had  to  make  our  readings 
below  or  above  the  level  of  the  auricle  did  not  always  show  a  constant 
relative  difference  comparable  to  the  distance  above  or  below  the  mark. 
In  that  respect  our  observations  do  not  bear  out  those  of  other 
investigators. 

In  our  observations  on  the  effect  of  change  of  posture  on  the  venous 
pressure,  all  our  readings  are  included;  since  the  absolute  height  of  the 
venous  pressure  did  not  enter  into  the  consideration. 

Pulse  Pressure. — With  the  advent  of  the  auscultatory  method  for 
estimating  the  maximum  and  minimum  arterial  pressures,  we  Avere  more 
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certain  of  our  readings  in  this  work  than  with  the  graphic  method  as 
interpreted  by  the  Erlanger  instrument  in  our  former  work.  The  aus- 
cultatory method  has  made  the  investigation  of  the  pulse  pressure  acces- 
sible for  clinical  study  as  well  as  physiological  research  and  we  may  hope 
for  valuable  information  as  the  evidences  accumulate. 

AKTERIAL  PP.ESSUEES  OF  THIS  SERIES 

The  height  of  the  maximum  pressures  ranged  between  95  and  140. 
The  minimum  pressures  between  65  and  92  mm.  As  previously  noted, 
the  greater  variation  occurs  in  the  maximum  pressure,  and  both  maximum 
and  minimum  blood-pressure  rise  with  the  advance  of  years   (Fig.  1). 

In  twenty-two  of  these  cases  we  have  the  strength  test  for  comparison 
and  study.  The  test  consists  of  measuring  according  to  the  inter- 
collegiate standard. 

In  those  whose  strength  total  ranged  between  704  and  541  kilo,  the 
average  maximum  pressure  in  the  erect  posture  was  124.26,  the  average 
minimum  pressure  was  79.35,  the  pulse  pressure  44.91,  while  in  those 


Fig.  1. — Chart  showing  averages  of  blood-pressure  at  different  age  periods. 
The  line  A-A  indicates  a  higher  than  average  blood-pressure  in  trained  athletes. 

whose  strength  tests  varied  between  505.4  and  355.9  kilo,  the  average 
maximum  pressure  was  120.57,  average  minimum  pressure  74.61  and 
average  pulse  pressure  was  45.96. 

These  figures  will  tend  to  show  that  the  stronger  individuals  have 
higher  blood-pressures.  This  is  not  entirely  true,  for  the  circulation  of 
some  of  our  very  best  athletes,  who  are  actually  human  towers  of  strength 
and  endurance,  goes  along  easily  and  quietly  with  a  low  blood-pressure. 
Such  a  one  is  in  fact  the  best  type  of  athlete.  But  in  a  series  of  athletes 
we  meet  with  many  who  have  trained  up  to  a  point  of  efficiency,  and  in 
that  training  have  developed  a  compensatory  hypertrophy.  It  is  these 
who  have  higher  than  average  blood-pressures,  and  these  occur  frequently 
enough  to  bring  up  the  average.    (See  Line  A— A,  Fig.  1.) 

Effect  of  Change  of  Postures  on  Arterial  Pressures. — The  blood- 
pressure  readings,  as  previously  stated,  were  taken  on  the  minute  for  five 
consecutive  minutes,  first  in  the  erect,  then  in  the  horizontal,  then  again 
in  the  erect  postures.    In  studying  the  effect  of  change  of  posture  on  the 
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behavior  of  the  arterial  pressures,  we  thought  it  advisable  to  extend  the 
readings  over  a  period  of  five  minutes.  The  pressure  readings  over  these 
five  minutes  were  averaged  and  Table  1  shows  the  results  of  the  change 
of  posture. 

The  conclusions  to  be  drawn  from  these  observations  are :  When  the 
element  of  active  muscular  exertion  has  been  eliminated,  the  manner  in 
which  the  circulatory  system  responds  to  the  effect  of  bodily  posture, 
under  the  stated  conditions,  is  as  follows :  In  clianging  from  the  erect  to 
horizontal  the  maximum  pressure  will  usually  be  increased,  the  minimum 
pressure  will  almost  always  be  diminished.  When  the  erect  posture  is 
resumed,  the  maximum  pressure  will  almost  invariably  fall  and  the 
minimum  almost  invariably  rise.  In  the  falling  of  the  maximum  pres- 
sure, when  the  erect  posture  is  resumed,  it  will  nearly  always  fall  con- 
siderably below  the  previous  height  of  the  first  reading,  while  the  mini- 
mum pressure  may  be  higher  or  lower  than  the  first  reading,  with  almost 
equal  frequency  (Table  1). 

TABLE  1. — Effect  of  Chaxge  of  Posture  on  Maximum  and  Minimum 

Pressube. 

, — Maximum  Pressure — ^  Than  , — Minimum  Pressure — ^  Than 

Erect.    Horizontal.     Erect.         First.  Erect.    Horizontal.    Erect.  First. 

X  28+  7-1-  8+  X  4+  43-t-  25+ 

20—  40—  38—  44—  4—  21— 

First  column:   X  =  height  of  maximum  pressure  in  erect. 
Second  column :    +  =  increase  of  maximum  pressure  when  changed  to  hori- 
zontal. 

Second  column:  —  =  fall  of  maximum  pressure  when  changed  to  horizontal. 
Third  column:  —  =  fall  of  maximum  pressure  when  changed  to  erect. 
Third  column:   +  =  rise  of  maximnm  pressure  when  changed  to  erect. 
Fourth  column:  —  =  the  height  of  maximum  pressure  was  lower  when  the 
erect  posture  was  resumed,  than  the  first  readings  in  the  erect. 

Fourth  column :   +  =  height  of  maximum  pressure  greater  than  first. 
Columns  5,  6,  7,  8  read  in  same  way  as  1,  2,  3,  4. 

PULSE   PRESSURES 

The  pulse  pressures  in  this  series,  in  the  erect  posture  ranged  between 
15  and  72  minimum  Hg,  the  average  for  the  series  being  36.46.  It 
was  greater  in  the  cases  in  which  the  maximum  pressure  was  higher. 

Arranged  according  to  age  of  the  subjects,  the  pulse  pressure  in  tlie 
erect  posture  in  those  between  16  and  21  years  was  37.1  mm.,  while  those 
between  21  and  30  years  was  40.61  mm. 

Effect  of  Change  of  Posture  on  Pulse  Pressure. — Change  of  posture 
from  the  erect  to  horizontal  caused  an  increase  in  forty  and  a  fall  in 
seven.  From  the  horizontal  to  erect  caused  a  decrease  in  forty-one  and 
an  increase  in  four.  In  the  fall  from  the  horizontal  to  erect,  the  pulse 
pressure  fell  lower  than  it  was  at  the  first  reading  in  the  erect,  in  thirty- 
four  cases.  It  remained  higher  than  the  first  reading  in  eleven  cases. 
The  pulse  pressure  seems  to  vary  in  the  same  direction  as  the  maximum 
pressure. 
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In  ilie  Strongest  Half  of  the  Series. — On  change  from  the  erect  to 
the  horizontal,  the  maximum  pressure  was  increased  in  seven  and  dimin- 
ished in  four.  From  the  horizontal  back  to  the  erect,  it  was  diminished 
in  nine  and  increased  in  two. 

In  this  fall  the  maximum  pressure  reaches  a  lower  level  than  it  was 
at  the  first  reading  in  the  erect  in  ten  cases  out  of  eleven. 

The  minimum  pressure,  in  this  series,  from  the  erect  to  horizontal, 
fell  in  nine  and  rose  in  two.  From  horizontal  to  erect,  it  rose  in  ten  and 
fell  in  one.    This  rise  was  to  a  higher  level  than  the  first  reading  in  six 
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Fig-.  2. — Chart  showing  maximum  and  minimum  pulse-pressure  in  the  erect 
and  horizontal  positions  in  a  typical  case. 

cases  and  not  so  high  as  the  first  in  five  cases.  The  pulse  pressure  from 
erect  to  horizontal  increased  in  nine,  and  diminished  in  two.  From 
horizontal  to  erect,  diminished  in  nine  and  increased  in  two.  This  fall 
was  lower  than  the  first  reading  in  six  cases. 

hi  the  Weaker  Half. — From  erect  to  horizontal,  the  maximum  rose 
in  six  and  fell  in  four.  From  horizontal  to  erect,  caused  a  fall  in  eight 
and  a  rise  in  two.  This  fall  was  lower  than  the  first  reading  in  the  erect 
in  eight  and  higher  in  two. 

The  minim^^m  pressure  on  change  from  erect  to  horizontal  fell  in 
nine  and  rose  in  one.    From  horizontal  back  to  the  erect  again,  caused  a 
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rise  in  all  ten.  In  half  of  this  ten  a  higher  level  was  reached  than  the 
readings  in  the  first  erect  posture ;  in  the  other  half  it  was  lower. 

hi  Poor  Muscular  Cases. — Change  from  erect  to  horizontal  caused  a 
fall  in  seven  and  a  rise  in  six.  From  horizontal  to  erect,  a  fall  in  nine 
and  a  rise  in  three.  In  this  fall  eight  out  of  eleven  remained  lower  than 
the  first  readings  in  the  erect  posture.  The  minimum  pressure  from  the 
erect  to  horizontal  increased  in  eleven  and  fell  in  one.  From  horizontal 
back  to  the  erect,  increased  in  six  and  fell  in  five. 

In  Heart  Cases. — In  this  series  of  heart  cases,  we  make  no  attempt 
to  classify  the  lesions.  Eather  do  we  include  those  cases  in  which  the 
state  of  the  heart  is  frankly  open  to  the  criticism  of  probable  cardiac- 
inefficiency.    Two  cases  showed  irregularity,  one  aortic  systolic  murmur. 
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Fig.  3. — Chart  showing  maximum  and  minimum  pulse-pressure  in  the  erect 
and  horizontal  positions  in  another  typical  case. 

one  case  Broadbent's  contraction  from  an  old  pericarditis,  two  mitral 
systolic  murmur  cases,  and  two.  cases  showed  very  prominent  apex  impact 
with  weakness  of  cardiac  sounds.  Changing  from  the  erect  to  the  hori- 
zontal caused  in  the  maximum  pressure  an  increase  in  five  and  a  fall  in 
four.  From  the  horizontal  back  to  the  erect,  a  fall  in  six  and  an  increase 
in  two.    This  fall  was  to  a  lower  level  in  six  out  of  seven  cases. 
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_  The  minimum  pressure  after  change  from  erect  to  horizontal,  fell  in 
eight  and  rose  m  one.  From  horizontal  to  erect,  rose  in  seven  and  fell  in 
one.    This  rise  was  to  a  higher  level  in  five  out  of  eight  cases. 

VE^SrOUS  PEESSUEES 

To  determine  first  what  is  the  height  of  the  venous  pressure  in  the 
normal,  we  picked  out  of  our  series  of  observations  twenty-six  cases  in 
which  we  could  measure  the  venous  pressure  at  the  level  of  the  auricle 
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r^uult.t^^^^''^  showing  syncope  during  the   experiment  with  rapid  rise  in 
pulse-pies^ure  on  placing  the  patient  in  a  horizontal  position. 

In  the  erect  posture  the  height  varied  between  8  and  18  cm.  water. 
In  the  horizontal  between  3.5  and  11  cm.  The  average  pressure  between 
the  ages  of  16  and  30  years  was  9.59  cm.  in  the  erect.  Between  21  and 
26  years  11.2  cm. 

Change  of  posture  in  all  the  cases  from  the  erect  to  horizontal  caused 
a  decrease  m  twenty-four  and  an  increase  in  two.  From  horizontal  to 
erect  an  increase  in  twenty-five  and  a  decrease  in  one,  and  this  increased 
pressure  was  higher  than  tlie  first  erect  posture  in  twelve.  It  was  lower 
in  eight  and  equal  in  five. 
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EELATIOXS  BETWEEN  THE  PULSE  PRESSURE  AST)  VENOUS  PRESSURE 

In  table  form  we  arranged  the  cases  according  to  the  height  of  the 
jjulse  pressure  average  for  live  minutes.  We  find  that  the  added  venous 
pressures  in  the  first  half,  which  includes  those  of  the  higher  pulse 
pressure,  is  137  cm.  water,  while  that  of  the  lower  pulse  pressures  is  123 
cm.  Showing  that  in  this  series  the  tendency  is  to  greater  pulse  pressures 
and  greater  venous  pressures  occurring  simultaneously. 

RELATIONS   BETWEEN  "HEART   CASES"   AND   VENOUS   PRESSURE 

Table  2  shows  that  in  the  case  of  aortic  insufficienc}^,  the  venous 
pressure  rose  instead  of  falling  on  change  from  the  erect  to  horizontal 
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Fig.  5. — Chart  showing  rapid  fall  in  pulse-prossure  during  the  experiment, 
with  syncope  in  six  minutes.  Rapid  rise  on  placing  the  patient  in  a  horizontal 
position. 

posture.     The  other  cases,  irrespective  of  the  lesions,  responded  as  does 
the  normal  circulation. 

SYNCOPE 

In  a  number  of  these  cases  syncope  occurred  during  the  examination. 
The  two  charts  (Charts  4  and  5)  show  the  behavior  of  the  arterial  and 
venous  pressures. 
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In  one  case  (Chart  4)  the  maximum  pressure  fell  in  three  minutes, 
from  120  down  to  80 ;  the  minimum  from  85  to  65,  then  the  pulse  at  the 
brachial  became  inaudible,  and  the  subject  soon  relaxed  to  falling.  We 
tilted  the  table  to  the  horizontal  posture  and  within  two  minutes  got  the 
first  reading  at  which  the  maximum  pressure  had  reached  its  former 
height,  but  the  minimum  pressure  did  not  go  quite  so  high  as  formerly. 

After  five  minutes  in  the  horizontal  posture  the  erect  posture  was 
resumed.  The  maximum  pressure  responded  normally  by  falling,  but  the 
minimum  pressure  showed  a  tendency  to  fall  instead  of  rising  as  it 
should.  The  venous  pressure  reading  from  horizontal  to  erect  responded 
normally. 

TABLE  2. — Eelations  Between  Heart  Cases  and  Venous  Pkesscre. 
No.  Erect.      Horizontal.     Erect. 

18  Aortic  insufficiency    X  +  + 

92  Hypertrophy — general    condition    poor X  —  + 

36  Mitral  insufficiency    X  —  + 

54  Broadbent's  contraction    X  —  + 

35  Irregular   heart    X  —  + 

90  Hypertrophy — general    condition    poor X  —  + 

The  second  case  (Chart  5)  showed  a  steady  falling  of  pressure  with 
each  minute  reading,  and  from  the  restlessness  of  the  subject  we  sus- 
pected what  was  going  to  happen;  therefore,  we  carried  on  our  observa- 
tions in  the  first  erect  posture  for  six  minutes,  at  which  time  the  sounds 
at  the  brachial  became  inaudible,  and  the  subject  a  little  later,  relaxed  to 
falling.  After  being  placed  in  the  horizontal  posture,  the  maximum 
pressure  rose  higher  than  at  the  first  reading  in  the  erect,  and  the  mini- 
mum pressure  rose,  but  as  in  the  other  case,  to  not  so  high  a  level  as 
formerly.    In  this  case  we  did  not  get  the  venous  readings. 

SUMMARY 

1.  When  the  element  of  muscular  effort  has  been  eliminated,  change 
of  bodily  posture  from  the  erect  to  the  horizontal  will  cause  an  increase 
in  the  maximum  pressure,  a  decrease  in  the  minimum  pressure  and  an 
increase  in  the  pulse  pressure. 

2.  After  five  minutes  in  the  horizontal  posture  when  the  subject  is 
retilted  to  the  erect  posture,  the  maximum  pressure  will  diminish,  the 
minimum  pressure  increase  and  the  pulse  pressure  diminish.  It  will  be 
noted  that  in  both  instances  the  pulse  pressure  follows  the  same  trend 
as  the  maximum  pressure. 

3.  Change  of  posture  from  the  erect  to  horizontal  caused  a  fall  in  tlie 
venous  pressure. 

4.  Change  of  posture  from  the  horizontal  to  erect  caused  an  increase 
of  the  venous  pressure. 
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It  will  be  noted  that  the  venous  pressure  follows  the  same  trend  as 
the  minimum  pressure. 

Nearly  all  subjects  of  this  series  responded  in  the  same  way.  The 
most  notable  exception  was  in  the  "Poor  Muscular  Cases."  These  cases 
showed  a  tendency  to  a  reversal  of  the  pressure  curve.  From  erect  to 
horizontal  caused  in  more  than  half  of  the  cases  a  decrease  of  the  maxi- 
mum pressure  and  an  increase  of  minimum  pressure. 

General    Sumiiary 

Erect      Horizontal.       Erect 

Maximum    X  + 

Minimum     X  + 

Pulse  pressure  X  + 

Venous  pressure    X  + 

4502  Fifth  Avenue. 


BUDDING    AXD     OTHEE    FOEMS    IN    TEOPHOZOITES     OF 
ENTAMOEBA     TETEAGENA 

SIMULATING    THE    "SPORE    CYST"    FORMS    ATTRIBUTED    TO     '^ENTAMOEBA 

histolytica"  * 
SAMUEL    T.    DARLING,    M.D. 

ANCOX,    CANAL   ZONE 

introduction 

Working  with  richly  infected  material  from  kittens  infected  rectally 
with  E.  tetragena,  very  interesting  forms  were  detected  in  a  senile  race. 
These  are  so  much  like  Hartmann's  figures  of  Schaudinn's  preparations 
illustrating  the  spore  cyst  development  of  E.  histolytica  as  to  be  prac- 
tically identical  with  them.  They  also  correspond  very  closely  with 
Schaudinn's^  and  Craig's-  descriptions  of  the  alleged  perpetuating  forms 
of  E.  histolytica. 

Hartmann^  has  called  attention  to  the  wide-spread  distribution  of 
E.  tetragena,  and  has  expressed  his  opinion  that  most  of  Schaudinn's 
histolj^tica  material  is  really  E.  tetragena. 

In  Panama,  while  the  perpetuating  forms  of  E.  tetragena  (cysts) 
have  been  detected  in  a  number  of  cases,  nothing  save  some  budding 
forms  in  fresh  material  from  one  fatal  case,  and  the  remarkable  forms  in 
rectally  infected  kittens  have  ever  been  seen  by  me  which  resemble  the 
descriptions  of  Schaudinn  and  Craig  for  the  spore  cyst  development  of 
E.  histolytica. 

Based  on  findings  in  clinical  cases  of  entamebic  dysentery,  from 
autopsy  material  and  animal  feedings  and  inoculations,  I  am  of  the 
opinion  that  the  pathogenic  entameba  of  Panama  is  E.  tetragena,  and  in 
all  likelihood  E.  histolytica  is  a  spurious  species. 

features  of  the  reproductive  process  in  e.  histolytica,  according 

to  schaudinn 

Schaudinn  (quoted  from  Craig,  loc.  cit.,  Note  2)  stated  that  the 
reproduction  of  E.  histolytica  by  sporulation  occurs  after  a  lengthy  period 
of  lively  increase  when  the  conditions  of  life  have  deteriorated.  In  dys- 
entery this  is  simultaneous  with  the  commencement  of  healing.  During 
the  height  of  the  disease  he  never  found  these  permanent  stages. 


*  Manuscript  submitted  for  publication  in  The  Aechives,  March  15,  1913. 

1.  Schaudinn:  Arb.  a.  d.  k.  Gsndhtsamte,  1903.  xix,  3,  p.  547. 

2.  Craig:   Parasitic  Amoebae  of  Man,  1911,  Lippincott,  Phila. 

3.  Hartmann:     Handb.    d.    Pathog.    Protoz.     (Prowazek),    First    Instalment. 
Barth,  Leipzig,   1911. 
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Scliaudinn  further  stated  that  the  beginning  of  the  spore  formation 
is  first  noticed  in  the  nuclear  apparatus,  and  the  succeeding  changes 
noted  by  him  are  as  follows : 

1.  Broadening  of  the  peripheral  chromatin  zone  of  the  nucleus,  and  extension 
into  the  nuclear  plasm,  the  nucleus  becoming  less  differentiated. 

2.  Large  quantities  of  chromatin  are  surrendered  to  the  cytoplasm  in  the 
form  of  granules. 

3.  The  amount  of  chromatin  in  the  cytoplasm  increases  until  the  entire 
organism  appears  to  be  filled  Avitli  it,  while  the  remainder  of  the  nucleus 
degenerates. 

Forms  noted  during  life: 

1.  Location  of  the  nucleus  at  the  periphery  generally  in  the  shape  of  a  flat 
disk. 

2.  Sometimes  expulsion  of  the  nucleus  under  the  eye  of  the  observer  is  seen. 

3.  Deyelopment  of  a  fine  fibrous  structure  of  the  peripheral  ectoplasm  indi- 
cating the  formation  of  buds  which  finally  project  from  the  surface. 

4.  Separation  of  buds  in  the  shape  of  small  globules  3  to  7  microns  in  diameter. 

5.  Development  of  a  double  outline  membrane  on  the  globules,  which  becomes 
brownish  in  color  in  a  few  hours. 

6.  Breaking  up  of  parent  entameba. 

A  staining  of  the  series  of  stages  gives  the  following  results: 

1.  Giving  off  chromidia  by  the  nucleus  to  the  cytoplasm,  which  appears  to 
multiply  and  scatter  through  the  entire  organism,  the  nucleus  degenerating  and 
either  dissolving  or  being  extruded. 

2.  Withdrawal  of  chromidia  from  endoplasm  and  collecting  in  dense  fibrous 
tissue  of  ectoplasm,  permeating  the  latter  as  a  uniform  reticular  chromidial  mass. 

3.  Ectoplasma  buds  filled  with  a  chromidial  mass  protrude  on  the  surface 
of  the  parasite  and  are  budded  off  from  the  parent  body. 

4.  When  the  sheath  of  these  globules  is  formed,  staining  substances  no 
longer  act  well. 

THE    EXTAMEBAE    USED    IN"    THESE    EXPERIMENTS 

Eecently  I  received  some  material  from  a  case  of  entamebic  dysentery 
in  an  American.  The  stool  contained  mucus,  pus,  blood  and  entameba e. 
The  trophozoites  were  large  in  size,  some  were  vacuolated  and  others 
granular.  The  nucleus  of  many  was  distinctly  visible  in  the  fresh  speci- 
men and  many  of  the  trophozoites  had  engulfed  erythocytes.  In  wet- 
fixed  preparations  stained  with  Mallory's  phosphotungstic  acid  hematoxy- 
lin, differentiated  with  permanganate  of  potash,  the  centriole  and  periph- 
eral chromatin  granules  were  of  fair  size  and  stained  sharply.  The 
karyosome  was  usually  indistinct,  though  definite  in  a  few  forms.  Xo 
cysts  were  seen  and  none  of  the  trophozoites  contained  chromidia.  On  the 
whole,  most  of  the  trophozoites  were  of  the  adolescent  or  histolytica 
type,  meaning  by  this  that  they  resembled  the  forms  figured  by  Hart- 
mann  and  Werner  as  E.  histolytica  in  contradistinction  to  the  forms  of 
the  mature  smaller  generation  with  prominent  karyosomes  and  large 
blocks  of  chromidia  usually  recognized  as  E.  teiragena. 
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METHOD  OF  MATUEIXG  THE  STEAIN 


Kittens  were  inoculated  by  rectum  with  material  from  this  case  and 
when  the  disease  developed  and  the  kittens  died,  another  set  was  inocu- 
lated rectally  with  material  from  the  preceding  and  so  on,  in  order  to 
mature  the  strain.  As  the  strain  matured,  the  trophozoites  became 
reduced  in  size,  their  karyosomes  and  centrioles  more  conspicuous,  and 
chromidia  began  to  appear  first  as  fine  acicular  particles  in  the  third 
remove,  and  later  in  the  fourth  remove  as  small  and  large  blocks.  From 
the  fourth  remove  a  number  of  stained  preparations  wet  and  dry-fixed 
were  made.  An  examination  of  these  preparations  showed  that  the 
trophozoites  had  now  become  reduced  in  size  and  chromidia  had  appeared 
in  every  trophozoite,  though  entirely  absent  in  the  first  and  second 
removes,  and  the  karyosome  of  the  nucleus  had  usually  become  very 
prominent;  not  only  so,  but  unmistakable  uninuclear  cysts  were  seen  in 
this  material  from  the  fourth  remove. 

THE  ABERRANT  FORMS  OF  E.   TETRAGEXA  SIMULATING  THE  "SPORE   CYST" 
DEVELOPMENT   OF  "e.    HISTOLYTICA"'' 

Dry-fixed  films  were  examined ;  these  had  been  stained  with  Hasting's 
stain,  followed  by  Giemsa's,  and  differentiated  with  ammoniated  60 
per  cent,  alcohol.  In  certain  slides  most  of  the  trophozoites  con- 
tained chromidia.  The  cytoplasm  was  frequently  condensed  along  the 
periphery,  and  also  here  and  there  in  quite  solid  islands  staining  like 
the  chromidia  a  deep  na^7  blue.  In  other  trophozoites  the  paler  blue 
endoplasm  or  the  dark  blue  condensed  periphery,  sometimes  containing 
chromidia,  had  become  pinched  off  into  buds  and  protuberances  of  irreg- 
ular size.  These  in  a  number  of  instances  had  become  detached  from  the 
parent  body.  The  buds  never  contained  purple-staining  substance  save 
when  a  bud  corresponded  with  a  nucleus  or  when  it  was  obscured  by 
what  appeared  to  be  superimposed  bacteria  or  debris.  Most  of  the  dry 
fixed  films  did  not  present  the  budding  appearances  just  described,  but 
displayed  a  more  homogeneous  appearance  free  from  the  condensed 
cytoplasm  at  the  periphery,  and  budding  forms  were  not  detected.  A 
number  of  trophozoites  contained  nuclear  fragments  of  tissue  cells  or 
leukocytes.  In  contradistinction  to  chromidia,  which  stains  navy  blue, 
these  nuclear  fragments  stained  purple  exactly  like  tissue  nuclei  outside 
nearby.  This  is  a  point  of  some  importance,  for  these  nuclear  fragments 
no  doubt  have  been  mistaken  for  chromidia,  which  does  not  stain  purple 
with  Eomanowsky  stains,  but  navy  blue. 

A  number  of  wet-fixed  films,  however,  contained  the  peculiar  forms 
in  question.  These  were  fixed  in  Zenker's  solution  one-eighth,  one-fourth 
and  one-half  strengths,  and  in  Schaudinn's  fluid,  besides  various  other 
fixatives,  in  order  that  comparisons  might  be  made  of  the  effects  of 
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various  fluids  on  the  entameba.  Likewise,  different  staining  methods  were 
employed.  Good  results  were  obtained  with  Mallory's  phosphotungstic 
hematoxjdiu  and  Leishman's  alkaline  methylene  blue  (polychrome), 
differentiated  with  tannin.  All  the  preparations  presented  unmistakable 
and  positive  evidences  of  their  identity,  i.  e.,  E.  tetragena,  by  the  nuclear 
characteristics,  chromidia  and  the  presence  of  cysts.  The  apparently 
normal  trophozoites  were  present  in  enormous  numbers;  many  fields 
contained  nothing  but  them.  The  vast  majority  of  the  forms  were  typical 
trophozoites  of  the  mature  or  precyst  generation  of  E.  tetragena.  The 
nucleus  stained  sharply,  there  was  a  densely  stained  large  centriole  and 
usually  a  conspicuous  karyosome.  The  chromidia  present  was  in  large 
or  small  crystalloid  particles.  These  trophozoites  had  in  general  the 
appearance  of  E.  minuta  Elmassian,  and  of  E.  tetragena,  as  figured  by 
Hartmann,  Yiereck,  Werner  and  Craig. 

The  nucleus  in  the  aberrant  forms  usually  took  up  an  extreme 
peripheral  position,  often  as  though  stuck  on  the  outside  of  the  tropho- 
zoite. Frequently  the  nucleus  was  attached  to  the  trophozoite  by  a  long 
or  short  thin  pedicle,  and  a  number  of  free  nuclei  were  seen.  The 
nucleus  in  these  aberrant  forms  rarely  stained  sharply,  the  peripheral 
chromatin  being  diffused,  swollen  and  not  displaying  the  granules  noted 
in  normal  tetragena  trophozoites  nearby.  The  nucleoplasm  was  stained 
rather  deeply,  as  though  due  to  diffused  chromatin  in  the  plasma.  There 
was  marked  distortion  of  the  nucleus  in  a  few  forms,  it  having  taken  on 
an  ameboid  shape.  The  centriole  usually  stained  well,  but  the  karyosome, 
while  occasionally  to  be  made  out  in  part,  was  usually  very  indistinct 
and  obscured  by  the  diffused  chromatin  in  the  nucleoplasm.  In  some  of 
the  budding  forms  the  nucleus  failed  entirely  to  stain,  but  its  architecture 
sometimes  could  still  be  made  out  distinctly.  The  C3rfcoplasm  of  some 
of  the  aberrant  forms  stained  deeply  around  the  nuclear  area  as  though 
chromatin  was  being  diffused  out  in  a  fluid  form  from  the  nucleus. 
Occasionally  one  found  a  trophozoite  free  from  chromidia  or  in  the  act 
of  extruding  it,  and  a  good  deal  of  free  chromidia  was  seen  in  the  films. 
These  trophozoites  which  were  more  or  less  free  from  chromidia  had  a 
clear  translucent  appearance,  being  free  from  chromidia,  and  these  were 
the  ones  that  exhibited  budding  forms.  The  buds  appeared  anywhere 
on  the  periphery  and  in  numbers  from  one  or  two  to  a  dozen.  They  were 
usually  translucent  and  homogeneous,  and  while  most  were  free  from 
chromidia,  some  of  them  contained  particles  of  chromidia,  or  oftener  a 
pinched-up  chromidial  mass  usually  attached  to  the  periphery  of  the 
bud.    The  budding  forms  always  stained  like  defunct  microorganisms. 

Comparing  the  pictures  displayed  in  wet-fixed  preparations  with  those 
dry-fixed  and  stained  with  Eomanowsky,  it  is  noted  that  budding  forms, 
extruded  buds,  chromidia  and  nuclei  are  seen  in  each. 
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Xaked  protoplasmic  buds,  excepting  in  the  case  of  the  nucleus,  are 
usually  free  from  chromidia  or  chromatin,  and  nothing  like  a  bud  capsule 
was  seen.  The  extreme  dislocation  of  the  nucleus,  as  well  as  its  presence 
attached  by  a  pedicle,  is  noted  in  each.  A  very  striking  feature  of  the 
drj'-fixed  film  is  the  pallor  or  peculiar  greenish  blue-staining  ground  sub- 
stance or  karyoplasm  which  supports  the  purple-staining  substance 
(karyosome)  of  the  nucleus.  This  pallor  and  absence  of  dark  blue- 
staining  substance  may  correspond  with  the  diffusion  of  the  basichroma- 
tin  out  from  the  nucleus  noted  in  some  of  the  wet-fixed  films. 

schaudinn's  ekkoxeous  interpeetatioxs 

Schaudinn  accurately  described  the  changes  noted  by  him  in  his 
Chinese  case  of  dysentery,  and  his  descriptions  and  Hartmann's  draw- 
ings of  Schaudinn's  preparations  of  E.  histolytica  correspond  precisely 
with  changes  here  described  in  a  race  of  E.  tetragena  from  man,  matured 
in  the  kitten.  I  believe,  however,  that  Schaudinn's  interpretations  were 
entirely  wrong  in  so  far  as  they  referred  to  a  mode  of  development. 

Seriatim  the  points  of  correspondence  and  difference  between  Schau- 
dinn's observations  in  man  and  my  findings  in  kittens  are  these,  the 
numbers  referring  to  paragraphs  in  Schaudinn's  propositions : 

1.  There  is,  as  Schaudinn  described,  a  broadening  of  the  peripheral 
chromatin  zone  of  the  nucleus  and  its  extension  into  the  nuclear  plasm. 
The  nucleus  becomes  less  sharply  differentiated  and  chromatin  appears 
to  be  distributed  to  the  cytoplasm,  but  chiefly,  I  believe,  by  diffusion  of 
fluid  and  not  usually  in  the  form  of  granules. 

2  and  3.  The  chromidia  seen  in  the  cytoplasm  of  the  trophozoites,  in 
my  opinion,  would  seem  to  be  chromidia  more  nearly  in  the  sense  of 
Hertwig,  that  is,  extranuclear  chromatin,  though  not  functionless.  This 
chromidia,  I  believe,  is  formed  as  fine  particles  in  the  c5'toplasm  and  is 
trophochromidia  in  the  sense  of  Mesnil  '05.  Dry-fixed  preparations 
stained  with  Eomanowsky  show  that  this  chromidia  is  formed  in  the 
cytoplasm,  and  as  the  strain  increases  in  age,  the  chromidia  usually  con- 
denses in  the  form  of  crystal-like  particles  and  large  blocks.  Traces 
of  this  chromidia  were  seen  in  Eemove  3  as  fine  acicular  navy-blue  par- 
ticles (Eomanowsky) ;  these  become  condensed  to  form  the  large-sized 
particles  seen  in  Eemove  4.  Staining  reactions  seem  to  indicate  that 
while  there  is  great  similarity  between  nuclear  chromatin  and  tropho- 
chromidia, there  are  well-marked  differences  which  may  be  brought  out 
by  certain  stains. 

Forms  noted  during  life : 

1.  Dislocation  of  the  nucleus.  The  nucleus  is  placed  at  the  extreme 
periphery  in  the  shape  of  flat  disks  at  the  border  of  the  cytoplasm  just 
as  Schaudinn  described.    There  is  also  expulsion  (3)  of  the  nucleus. 
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EXPLANATION    OF    FIGUEES 


Nos.  1  to  12:  dry  fixed  films,  stained  by  Hasting's  and  Giemsa's  stain,  differ- 
entiated in  ammoniated  alcohol.  Nos.  1  to  8  show  budding  forms.  The  periphery 
is  generally  dark  and  the  interior  pale  in  tone.  Nos.  1  and  2  contain  dark  navy 
blue,  almost  black,  crystalloidal  particles  of  chromidia.  The  purple  staining 
substance  of  the  nucleus  is  imbedded  in  a  pale  blue  ground  substance.  Disloca- 
tion of  the  nucleus  is  seen  in  No.  6.  Xo.  5  is  a  trophozoite  which  has  extruded 
its  nucleus.  Nos.  9  and  10  represent  a  free  bud  of  ectoplasm,  and  a  nucleus 
respectively.  No.  11,  a  trophozoite  with  buds  and  five  phagocyted  fragments  of 
nuclei  of  tissue  cells  or  mononuclear  leiikocytes.  No.  12,  a,  b  and  c,  free  tissue 
cell  nucleus  and  fragments  of  same  for  comparison  with  phagocyted  fragments 
in  No.  11. 
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PLATE  II 

Nos.  13  to  23.  wet-fixed  films.  No.  13,  a  trophozoite  witli  typical  tetragena 
nucleus  and  chroniidia.  This  represents  the  vast  majority  of  trophozoites  in  the 
films.  Their  outlines  were  round,  ovoid  and  oblong.  No.  14,  a  mononuclear 
tetragena  cyst  from  one  of  the  films.  No.  15,  dislocation  of  nucleus  and  chromidia 
in  small  particles  with  a  large  bud.  No.  16,  extrusion  of  nucleus  and  a  bud 
containing  a  mass  of  chromidia.  No.  17.  karyorrhexis.  The  nuclevis  is  apparently 
giving  up  its  chromatin  to  the  cytoplasm.  Note  that  the  tetragena  features 
of  its  karyosome  are  still  present;  two  buds  are  shown.  No.  IS.  dislocation  of 
nucleus;  several  small  buds  of  irregular  size  and  one  large  deeply  staining  bud 
are  shown.  The  trophozoite  still  contains  a  few  particles  of  chromidia.  No.  19, 
dislocation  of  nucleus;  streams  of  chi-omiiiial  (not  chromatin)  particles  of 
small  size  concentrated  along  the  periphery  are  seen.  The  nucleus  does  not  stain 
sharply,  and  it  has  parted  with  some  of  its  chromatin  (not  chromidia)  which 
stains  the  cytoplasm  nearby.  No.  20,  a  trophozoite  with  four  small  buds, 
chromidia  and  a  degenerating  nucleus  .showing  karyolysis.  No.  21,  a  trophozoite, 
with  dislocated  nucleus  and  many  buds.  It  has  extruded  all  its  chromidia. 
No.  22,  an  extruded  nucleus  not  staining  sharply,  the  peripheral  chromatin 
granules  being  indistinct  and  the  karyosome  invisible.  No.  23.  a  trophozoite 
containing  chromidia  and  several  buds.  The  dislocated  nucleus  is  attached  to 
the  parent  body  by  a  slender  i)edicle,  and  does  not  stain  sharply. 
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No.   24,  a   niicroplioto<riiii)li   showing  tliree  tropliozoites   stuck   togetlicr. 
nucleus  is  indicated    (n)    as  well  as  l)U(ls    (b).     The  nucleus  is  dislncated. 
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3.  The  development  of  a  fine  fibrous  structure  of  peripheral  ecto- 
plasm. I  have  seen  something  that  would  probably  correspond  with  this, 
though  the  observation  was  made  on  trophozoites  from  Eemove  3.  in 
which  there  was  no  budding,  and  the  phenomenon  was  only  observed  in 
films  fixed  by  Merkel's  fluid.  Zenker's,  Flemming's  and  Schaudinn's 
preparations  did  not  show  it. 

4.  Buds  are  separated  in  the  form  of  small  globules  3  to  7  ±  microns 
in  diameter. 

5.  The  development  of  double-outline  membranes  on  extruded 
globules  was  not  observed.  Considering  the  pathological  nature  of  the 
other  related  changes  in  the  trophozoites,  it  would  be  interesting  to  know 
just  what  Schaudinn  was  observing,  for  in  dry-fixed  films  stained  by 
Eomanowsky  the  free  buds  and  extruded  nuclei  stain  exactly  like  the 
nucleus  and  cytoplasm  of  the  trophozoites. 

6.  Breaking  up  of  the  parent  entameba  was  observed. 
Stained  Series : 

1.  My  observations  on  the  trophozoites  of  E.  tetragena  confirm  me 
in  the  opinion  that  chromidia  is  not  given  off  by  the  nucleus,  but  is 
formed  in  the  cytoplasm.  Chromatin,  however,  in  these  pathological 
forms  does  diffuse  out  in  fluid  form  from  the  nucleus  into  the  cytoplasm. 
The  nucleus  does  degenerate  and  is  extruded. 

2.  In  some  trophozoites  chromidia  was  present  in  rather  small  parti- 
cles and  collected  in  reticular  masses  in  the  ectoplasm,  as  Schaudinn 
described. 

3.  Ectoplasma  buds  filled  with  a  chromidial  mass  were  seen  appar- 
ently pinched  off  of  the  parent  body. 

4.  The  free  globules,  while  detected  with  more  difficulty  in  wet-fixed 
preparations,  were  seen  very  well  in  dry-fixed  Eomanowsky  preparations. 
Kothing  like  a  sheath  was  seen,  for  the  buds  stained  either  navy  blue  or 
light  blue  like  the  cytoplasm  of  the  parent  entameba.  When  an  extruded 
nucleus  was  encountered  it  always  stained  like  one. 

CONCLUSION 

I  have  seen  in  fresh  preparations  of  E.  tetragena  from  a  fatal  case 
of  dysentery  bizarre  pseudopodia  and  buds  with  refractile  bodies  in  the 
extremities,  though  I  did  not  observe  extrusion  of  buds  or  nuclei.  If  one 
had  merely  observed  in  fresh  preparations  alone  from  a  case  of  dysentery 
in  man,  the  changes  corresponding  to  those  seen  in  stained  preparations, 
the  impression  received  would  no  doubt  have  been  very  much  like  that 
described  by  Schaudinn  and  Craig  as  the  spore  cyst  formation  of  E. 
histolytica;  but  from  an  examination  of  the  far  more  richly  infected 
material  from  the  kitten  "which  occurs  after  a  lengthy  period  of  lively 
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increase/"'  the  true  nature  of  the  budding  forms  is  understood  and  the 
opinion  is  formed  that  these  changes  are  analogous  to  such  essentially 
pathological  manifestations  of  cellular  degeneration  as  karyolysis,  karyor- 
rhexis,  pyknosis  and  dislocation  and  extrusion  of  nuclei;  moreover,  the 
budding  process  is  analogous  to  changes  seen  in  mononuclear  metazoal 
cells;  for  example,  in  defunct  plasma  cells  or  lymphocytes  in  the  blood- 
stream, lymph-nodes  and  other  locations. 

The  descriptions  of  the  life  cycle  of  E.  histolytica  by  Schaudinn  and 
Craig,  therefore,  are  in  all  likelihood  those  of  a  spurious  species,  having 
resulted  from  observations  of  pathological  changes  in  senile  races  of  E. 
tetragena. 

Board  of  Health  Laboratories. 


ACTIVE    HYPEEEMIA    FOLLOWING    LOCAL    EXPOSUEE 

TO    COLD* 

A.    W.    HEWLETT,    M.D. 

AXN   ARBOE 

It  is  well  known  that  thermic  stimuli  exert  a  powerful  influence  on 
the  local  blood-vessels.  In  our  experience,  the  application  of  cold  water 
has  invariably  slowed  the  current  of  blood  through  the  arm  and  this  has 
been  commonly  followed  by  some  constriction  of  the  vessels  even  after  the 
temperature  of  the  water  has  been  raised/  or  after  the  arm  has  been 
withdrawn  from  the  cold  water.  In  the  patient,  whose  history  follows,  a 
marked  vascular  dilatation  followed  the  exposure  of  the  arm  to  moder- 
ately cold  water.  This  phenomenon,  which  was  evidently  associated  with 
the  symptoms  present  in  this  patient,  is  unusual  if  not  pathological.  It 
is  related  on  the  one  hand  to  milder  degrees  of  frost-bite  and  chilblain, 
and  on  the  other  to  a  disturbed  vasomotor  control  at  the  surface  of  the 
body. 

History. — Mr.  E.  C,  19  years  old,  entered  the  University  Hospital  Nov.  20, 
1912,  complaining  of  itching,  burning  and  swelling  over  various  parts  of  the  body 
after  these  had  been  exposed  to  cold.  The  family  and  past  history  were  unim- 
portant. The  present  trouble  was  first  noticed  with  the  onset  of  cold  weather 
two  years  ago.  Shortly  after  the  patient  is  exposed  to  cold,  the  exposed  por- 
tions of  the  body  become  white  and  numb.  As  the  result  of  prolonged  exposure, 
but  more  especially  after  coming  into  a  warm  room  following  exposure,  the  parts 
exposed  become  red  and  swollen  and  the  patient  suffers  from  burning  and  itching 
sensations  in  the  exposed  areas.  At  times  the  swelling  of  the  hand  is  so  con- 
siderable as  to  interfere  with  the  movement  of  the  fingers.  His  eyes  have  been 
partially  closed  after  facing  a  cold  wind.  The  buttocks  have  sho-^Ti  similar 
phenomena  after  sitting  on  a  cold  seat,  and  the  forearm  after  a  cold  iron  has 
lain  across  it.  Even  the  tongue  and  throat  are  said  to  have  become  swollen 
after  eating  ice  cream.  These  phenomena  have  troubled  him  only  during  the 
winter.  One  year  ago  they  were  so  severe  that  he  was  compelled  to  leave  school. 
Aside  from  these  symptoms  he  is  in  good  health  and  has  gained  twenty  pounds  in 
weight  during  the  past  two  years. 

Physical  Examination. — Physical  examination  showed  a  young  man  of  normal 
appearance.  A  few  rales,  probably  due  to  bronchitis,  were  heard  over  the  lungs. 
The  heart  showed  systolic  murmurs  at  the  apex  and  base,  which  were  probably  of 
an  accidental  character.  The  hands  were  slightly  cyanotic  and  perspired  easily. 
Well  marked  dermatographia  with  tendency  to  wheal  formation  could  be  elicited 
by  mechanical  stimulation  of  the  skin.  The  laboratory  findings  were  practically 
negative.     The  blood  coagulated  in  two  and  three-fourths  to  four  minutes. 


"Manuscript  presented  for  publication  Feb.  7,  1913. 

*  From  the  Department  of  Internal  INIedicine,  University  of  Michigan. 

1.  Hewlett,  A.  W.,  Van  Zwaluwenburg,  J.  G.,  and  Marshall,  M.:  The  Efi"ect 
of  Some  Hydrotherapeutic  Procedures  on  the  Blood-Flow  in  the  Arm.  The 
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The  blood-flow  through  the  arms  was  studied  while  the  symptoms 
complained  of  by  the  patient  were  reproduced  by  exposures  to  cold  water. 
Although  but  three  experiments  of  this  type  could  be  performed  and 
these  left  certain  points  undecided,  nevertheless,  the  results  indicated 
that  in  this  patient  an  unusual  vascular  reaction  followed  exposure  to 
cold  water. 

Experiment  1. — In  tlie  first  experiment  the  patient,  stripped  to  the  waist, 
was  placed  in  a  warm  room  and  the  room  was  later  cooled,  by  opening  the 
mndows.  The  right  arm  was  exposed  to  air  only.  After  a  few  preliminary 
determinations,  the  left  was  surrounded  by  cold  water  which  was  maintained  at 
a  temperature  averaging  19 14  C.  for  nearly  an  hour.  At  the  end  of  this  time, 
the  arm  was  taken  ovit  of  the  cold  water,  the  plethysmograph  was  emptied  and 
the  dried  arm  thrust  back  into  the  apparatvis  for  further  determinations  of 
the  blood-flow.     The  results  of  this  experiment  are  shown  in  Table  1. 

TABLE  1. — Experiment  1,  Showing  Effect  ox  Blood-Flow  of  Ijimersion  of 

Aem  in  Cold  Water 

1 

Remarks 

Patient  quite  warm. 

Cold       water       placed 
about  left  arm. 


Patient  feels  cold. 
Left  hand  dried.  At 
first  arm  was  slightly 
cyanotic.  Later  bright 
red  and  warm.  Some 
burning  and  itching. 

11:45  23  20  10.0  2.0 

12:00  23  7.2  1.8  Left       hand       slightly 

swollen.    Burning  and 
itcliing  passing  off. 

It  will  be  seen  that  at  the  beginning  of  the  experiment  the  blood-flow 
was  unusually  rapid  in  botli  arms,  owing  doubtless  to  the  effect  of  being 
for  some  time  in  the  warm  room.  When  the  left  arm  was  covered  with 
cold  water,  the  blood-flow  in  both  arms  dropped  rather  suddenly  and  the 
rate  of  flow  continued  to  lessen  during  the  period  of  exposure,  owing  in 
part  to  the  cooling  of  the  room,  in  part  perhaps  to  the  cold  water.  When 
the  left  arm  was  taken  out  of  the  cold  water  the  skin  became  bright  red, 
and  after  drying  it  felt  quite  warm.  The  hand  became  slightly  swollen. 
After  drying,  the  blood-flow  in  the  arm  exposed  to  the  cold  water  showed 
decided  acceleration,  while  tlie  flow  in  the  opposite  arm  continued  to 
lessen. 


Room 

Temp,  of 

Flow  in 

Flow  in 

Time 

Temp.. 

water  about 

left  arm. 

right  arm. 

C. 

left  arm,C. 

c.c. 

c.c. 

9:55 

27  yo 

12.0 

10.0 

10:00 

9.6 

10:05 

27  y- 

10.4 

10.6 

10:15 

10:30 

27 

23  y2 

4.0 

6.3 

10:40 

27 

19 

5.3 

4.3 

10:45 

27 

18% 

4.2 

3.9 

10:55 

27 

19  y2 

3.2 

3.6 

11:10 

24 

i9y2 

4.2 

3.6 

11:30 

22 

20 

3.0 

11:35 
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Experiment  2. — The  second  experiment  was  performed  in  a  warm  room,  the 
patient  being  very  warm  throughout.  The  right  arm  was  thrust  into  ice  water, 
until  pain  was  caused.  It  was  then  taken  out  and  thrust  in  again.  This  inter- 
mittent exposure  was  continued  for  half  an  hour,  following  this  the  rate  was 
determined  in  both  arms.  The  left  showed  a  rate  of  15  c.c.  per  100  c.c.  of  arm 
substance  per  minute,  and  the  right,  a  r?.te  of  12.5  c.c.  to  cold.  The  failure 
to  reproduce  the  vascular  phenomena  in  this  experiment  may  have  been  due 
either  to  the  warm  room  which  caused  the  blood-flow  in  the  arms  to  be  very 
rapid  and  so  prevented  cooling  the  tissues,  or  it  may  have  been  due  to  the 
intermittent  character  of  the  exposure. 

Experiment  3. — In  the  third  experiment,  the  room  was  maintained  at  a 
constant  temperature  of  21  C,  which  produced  a  feeling  of  slight  chilliness  in 
the  partially  clad  patient.  The  right  arm  was  soaked  continuously  in  water 
at  16  C.  for  a  period  of  twenty  minutes.  During  this  time,  the  arm  became  red- 
dened and  slightly  cyanotic  and  after  withdrawal  from  the  water  it  felt  warm 
and  itched  considerably.  Some  time  later  it  became  distinctly  swollen.  After 
the  exposure,  the  exposed  arm  showed  a  blood-flow  oi  9.4  c.c.  per  100  c.c.  of  arm 
substance,  while  the  other  showed  a  blood-flow  of  1.7  c.c.  Somewhat  later,  the 
former  showed  8.5  c.c.  and  the  latter  1.8  c.c. 

TABLE  2. — Experiment  3,  Results  of  Immersion  of  Arm  in  Water  at  16  C. 

Remarks 

Right     arm     in     water, 
patient  slightly  chilly. 
Right  arm  out  of  water. 
Right  arm  reddened. 

Right   hand   is    swollen. 

To  recapitulate :  A  yoimg  patient  av^Iio  showed  sweating  hands  and 
dermatographia  entered  the  hospital  on  account  of  itching  and  burning 
sensations,  which  followed  exposures  to  moderate  cold.  These  symptoms, 
which  could  be  reproduced  by  exposure  to  cold  water,  were  associated 
with  a  definite  increase  in  blood-flow  of  the  arm  so  exposed  relative  to  the 
blood-flow  in  the  other  arm.  The  condition  corresponded  to  the  milder 
degrees  of  frost-bite,  which  are  often  followed  by  erythema  and  slight 
edema,  and  are  described  as  a  form  of  chilblain.  The  circumscribed, 
reddish  and  edematous  areas  often  met  with  in  the  latter  condition  were, 
however,  absent  in  our  patient.  Furthermore,  the  condition  was  peculiar 
in  that  it  was  induced  by  relatively  slight  cold,  and  in  its  localizations  on 
such  unusual  sites  as  the  forearm,  buttocks  and  mouth.  As  an  unusual 
vasomotor  reflex,  the  condition  might  be  grouped  in  the  broad  catagory 
of  the  vasomotor  ataxias  described  by  Solis-Cohen. 

That  the  reaction  was  indeed  unusual  might  be  inferred  from  our 
earlier  experiments,^  in  which,  after  cooling  the  arm,  the  temperature  of 
the  surrounding  water  was  again  raised,  and  slower  rather  than  faster 
rates  of  flow  were  obtained  for  given  temperatures  of  the  surrounding 
water.  It  seemed  advisable,  hcTwever,  to  duplicate  the  above  experiments 
on  other  individuals.    As  the  following  tables  show,  no  secondary  dilata- 


Room 

Temp. 

of 

Flow 

in 

Flow  in 

Time 

Temp., 

water  a 

bout 

left  arm, 

right  arm, 

C. 

right  arm,  C. 

c.c. 

c.c. 

3:10 

21 

16 

3:30 

3:40 

20 

1.7 

9.4 

3:50 

20 

6.0 

4:00 

19 

1.8 

8.5 
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tion  of  the  blood-vessels  occurred  in  these  individuals  after  exposures  to 
fairly  cold  water  for  half  an  hour  or  so.  Instead  the  arms  exposed 
remained  unusually  cold  and  pale  for  some  time  and  the  blood-flow 
remained  exceedingly  slow. 

TABLE  3. — ExpEBiMENT  4,  Effect  on  Blood-Flow  ix  Normal  Individual  of 
Immebsion  of  Arm  in  Cold  Water 


Boom 

Temp,  of 

Flow  in 

Flow  in 

Time 

Temp., 

water  about 

left  arm, 

right  arm, 

Remarks 

C. 

left  arm,C. 

c.c. 

c.c. 

3:05 

21.5 

5.6 

5.3 

3:10 

21.5 

4.5 

4.6 

3:12 

.... 

•• 

... 

... 

Water  placed  about  left 
arm. 

3:15 

21.0 

24 

3.6 

3.8 

3:25 

21.0 

22 

3.5 

4.3 

Left  arm  fairly  cold. 

3:45 

21.5 

17 

2.0 

3.7 

4:00 

21.5 

IS 

2.3 

3.1 

4:02 

•• 

Water  out.  Dried.  Arm 
cold. 

4:10 

21.5 

2.1 

3.2 

4:12 

.... 

1.5 

4:20 

21.5 

1.7 

5.4 

Left  arm  still  cold. 

TABLE  4. — Experiment  5,  Effect  of  Cold  on  Blood-Flow  in  Normal 

Individual 


Boom 

Temp,  of 

Flow  in 

Flow  in 

Time 

Temp., 

water  about 

left  arm. 

right  arm, 

Remarks 

C. 

left  arm,C. 

c.c. 

c.c. 

10:40 

Cool 

2.9 

3.0 

10:45 

•• 

... 

Water  placed  about  left 
arm. 

10:55 

21 

1.85 

3.1 

11:05 

17 

3.9 

3.0 

11:20 

16 

2.7 

2.7 

11:35 

16 

2.2 

2.4 

11:40 

Water  out. 

11:50 

1.5 

1.9 

12:00 

1.4 

2.2 

TABLE  5. 


-Experiment  6,  Effect  of  Cold  on  Blood-Flow  in  Normal 
Individual 


Room       Temp,  of        Flow  in        Flow  in 
Time  Temp.,    water  about    left  arm,     right  arm, 

C.         left  arm,C.         c.c.  c.c. 


Remarks 


3:30 

24 

4.0 

4.0 

3:25 

.... 

Water  placed  about  left 
arm. 

3:42 

24 

19.5 

2.0 

3.2 

3:50 

24 

19.5 

3.1 

4:00 

24 

18.0 

1.7 

5.0 

. 

4:10 

24 

17.0 

2.0 

5.0 

4:13 

24 

20 

4.5 

Water  out.     Arm  cold 
and  pale. 

4:20 

24 

2.0 

4.5 

4:25 

24 

.... 

2.0 

6.0 

From  Experiment  1,  it  was  evident  that  the  abnormal  hyperemia 
following  cold  did  not  depend  primarily  on  a  previously  slow  rate  of 
blood-flow,  for  the  flow  was  equally  reduced  in  the  other  arm,  and  yet 
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there  was  no  reactive  hyperemia.  It  probably  depended  on  a  local  cooling 
of  the  vascular  mechanism,  being  in  this  way  directly  related  to  the  con- 
dition which  prevails  in  frost-bite.  The  development  of  edema  also 
indicated  a  direct  action  of  the  cold  on  the  blood-vessels. 

Nor  were  the  symptoms  during  the  reactive  hyperemia  readily  explain- 
able on  the  simple  assumption  of  an  increased  blood-flow  to  the  arm,  for 
equally  fast  or  faster  rates  were  encountered  in  Experiments  1  and  2 
without  the  characteristic  symptoms  of  burning,  itching  and  swelling.  It 
may  be,  however,  that  the  skin  circulation,  as  distinguished  from  that  of 
the  deeper  arm  structures,  was  markedly  increased  during  the  reactive 
stage,  a  supposition  supported  by  the  intense  redness  of  the  skin.  This 
is  what  one  would  expect  if,  as  we  believe,  the  condition  depended 
primarily  on  a  reduction  in  the  temperature  of  the  superficial  tissues. 

CONCLUSIONS 

1.  In  most  individuals  a  diminished  blood-flow  accompanies  and 
follows  the  prolonged  action  of  moderately  cold  water  on  the  arm. 

2.  An  active  hyperemia  following  exposures  to  moderate  cold  is 
described  in  a  patient  showing  other  signs  of  cutaneous  vasomotor 
instability.  The  condition  present  probably  corresponded  to  the  milder 
stages  of  ordinary  frost-bite,  or  chilblain,  but  in  our  patient  it  occurred 
more  readily  than  normal  and  also  in  unusual  locations.  It  represented 
an  unusual  vasomotor  response  to  moderate  cold. 

3.  The  reaction  was  probably  due  to  the  direct  effect  of  the  cold  on 
the  cutaneous  or  subcutaneous  vascular  mechanism. 


A    MODIFIED    WASSEEMAXN* 
LOYD     OSCAR     THOMPSON,    M.D. 

LITTLE   EOCK 

There  are  several  undesirable  features  in  the  original  Wassermann 
technic  of  the  complement  fixation  test  for  syphilis,  as  well  as  in  the 
ISToguchi  modification,  some  of  which  ma_y  be  sources  of  error. 

In  the  original  Wassermann  technic  the  presence  of  variable  amount 
of  natural  antisheep  amboceptor,  which  is  found  in  all  human  sera,  may 
lead  to  error,  unless  removed  by  the  tedious  method  of  bringing  in  con- 
tact with  sheep  cells.  Another  objection  to  the  original  "Wassermann  is 
that  unless  a  sheep  is  kept  in  the  animal  rooms  of  the  laboratory  it  is 
sometimes  difficult  to  secure  corpuscles  for  the  test,  while  the  keeping  of 
a  sheep  is  more  or  less  expensive,  and  in  some  laboratories  well  nigh 
impossible. 

In  the  Xoguchi  technic  the  use  of  a  non-inactivated  serum  might, 
theoretical!}^,  be  a  source  of  error,  although  practically,  owing  to  the 
small  amount  of  serum  used,  probably  is  not.  But  the  use  of  the  small 
quantity  of  serum  (.02  c.c.)  undoubtedly  sometimes  leads  to  error,  from 
the  fact  that  such  a  small  quantity  might,  in  very  light  cases  of  luetic 
infection,  not  contain  a  sufficient  number  of  antibodies  to  cause  a  binding 
of  complement.  Further,  the  use  of  non-specific  antigen  is  open  to  objec- 
tion. While  it  is  not  now  thought  that  the  Wassermann  is  a  true  antigen- 
antibody  reaction,  it  is  conceded  by  the  majority  of  workers  that  the 
specificity  of  the  antigen  undoubtedly  plays  an  important  role  in  some 
cases. 

Another  objection  to  the  aSToguchi  technic  is  that  in  dealing  with  such 
small  quantities  of  the  reagents  as  are  used  accuracy  is  difficult.  This  is 
especially  true  in  the  dose  of  the  patient's  serum,  for  which  ISToguchi 
recommends  one  drop  from  a  capillary  pipet.  This  is  inaccurate  and 
unscientific.  Further,  the  total  volume  in  each  tube  being  only  one  cubic 
centimeter  the  reaction  is  not  as  clear  cut  as  when  a  greater  volume  is 
used. 

Eecently  Jobling^  has  advocated  the  use  of  a  hen  hemolytic  system. 
I  have  not  used  this  system,  and  can  see  no  reason  for  so  doing.  It  is 
open  to  practically  the  same  objection  as  the  sheep  system,  viz.,  the 
necessity  of  keeping  chickens  in  the  laboratory,  and  tliat  all  human  sera 


*  From  the  Laboratory  of  Clinical  Diagnosis,  Medical  ])o])artinent.  I'niversity 
of  Arkansas. 

*  Manuscript  subniitted  for  ])iiblication  in  Tiik  Archives  March  15,  101.3. 
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contain  a  variable  amount  of  normal  antiheu  amboceptor.  And  further, 
as  the  red  corpuscles  of  the  hen  are  nucleated,  a  greater  precipitate  will 
be  formed  than  with  the  non-nucleated  corpuscles. 

For  some  time  past  in  my  serological  work  with  syphilis,  I  have  been 
using  a  modification  of  the  Wassermann  which  partakes  somewhat  of  the 
original  technic  and  also  of  the  Noguchi  method. 

AMBOCEPTOR 

Antihuman  amboceptor  is  used.  Large  healthy  rabbits  (Belgian 
hares  are  preferred)  are  injected  either  intraperitoneally  or  intravenously 
with  thoroughly  washed  human  corpuscles.  DifEerent  workers  have  advo- 
cated different  methods  of  injecting.  I  have  obtained  the  highest  titer 
by  injecting  intravenously  2,  4,  4,  5  and  6  c.c.  four  days  apart  and  bleed- 
ing nine  days  after  the  last  injection.  I  do  not  kill  the  rabbit,  but  bleed 
from  the  heart  with  a  large  glass  syringe.  (A  25  c.c.  Burroughs-Well  come 
or  Luer  with  a  20-gauge  needle  is  very  satisfactory.)  Twenty  to  30  c.c. 
of  blood  may  be  dravsra  with  perfect  safety,  and  the  rabbit  may  be  kept 
for  future  use.  The  amboceptor  serum  is  preserved  with  a  0.5  per  cent, 
phenol  (best  obtained  by  adding  one  part  of  a  5  per  cent,  phenol  solution 
to  nine  parts  of  serum),  in  small  glass-stoppered  bottles  and  stored  in  the 
ice-box.    It  may  be  kept  this  way  for  months  without  losing  its  strength. 

Amboceptor  may  be  kept  as  advocated  by  Xoguchi-  dried  on  filter 
paper.  I  have  not  found  this  to  be  of  any  advantage.  In  fact,  it  has  the 
decided  disadvantage  of  requiring  much  more  work,  of  the  serum  not 
always  being  evenly  distributed  on  the  paper,  thus  causing  error,  and  of 
not  giving  quite  as  clear  cut  a  reaction  on  account  of  the  paper  being  in 
the  tube.  H,  A.  Thompson^  has  overcome  these  last  two  objections  by 
soaking  the  paper  in  salt  solution  in  the  incubator  for  a  few  hours  before 
performing  a  test,  discarding  the  paper  and  using  the  solution. 

COMPLEMENT 

Ten  per  cent,  solution  of  fresh  guinea-pig  serum  is  used  for  comple- 
ment. I  wish  to  emphasize  the  fact  that  it  is  absolutely  unnecessary  to 
sacrifice  a  pig  every  time  a  few  tests  are  made.  From  5  to  10  c.c.  of 
blood  may  be  withdrawn  from  the  heart  with  perfect  safety.  The  blood 
is  drawn  just  prior  to  performing  the  test,  placed  in  a  centrifuge  tube 
and  the  serum  separated  immediately  by  centrifugalization.  It  has  been 
stated*  that  serum  so  secured  does  not  show  as  high  complement  value  as 
if  allowed  to  stand  in  the  ice-box  over  niffht.    I  have  not  found  this  to 


2.  Xogiichi,  H.:  The  Serum  Diagnosis  of  Syphilis.     Phila.,  1911. 

3.  Personal  communication. 

4.  :Miller,   Florence  W.:   Xogiichi  Technic.     Interstate  Med.  Jour.,   February, 
1013. 
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be  the  case.  In  fact,  I  have  sometimes  secured  a  complement  with  a 
higher  titer  by  immediate  centrifugalization  than  I  have  by  allowing 
the  blood  to  stand. 

ANTIGEN" 

Alcoholic  extract  of  liver  from  a  syphilitic  fetus  is  used. 

patient's    serum 

I  cannot  agree  with  those  who  advocate  the  securing  of  the  patient's 
serum  by  pricking  the  ear  or  finger  and  "milking"  the  blood  into  a  tube, 
except  in  the  case  of  young  children  and  very  fleshy  adults.  It  is  much 
easier,  quicker  and  less  painful  to  draw  a  sufficient  quantity  (3  to  5  c.c.) 
from  one  of  the  veins  of  the  .elbow  with  a  syringe.  In  my  private  practice, 
when  a  patient  comes  to  the  laboratory  the  blood  is  immediately  cen- 
trifugalized,  the  serum  pipetted  off  and  stored  in  the  ice-box  till  used. 
Otherwise,  the  blood  is  allowed  to  clot  and  the  serum  collected  in  the 
usual  way.  One-tenth  of  a  cubic  centimeter  of  serum  is  used,  Avhich  is 
inactivated  for  thirty  minutes  at  55  to  56  centigrade. 

CORPUSCLE    SUSPENSION 

Five-tenths  of  a  cubic  centimeter  of  a  5  per  cent,  solution  of  human 
corpuscles  in  0.9  per  cent,  sodium  chlorid  solution  is  used.  The  cor- 
puscles may  be  secured  from  the  patient,  from  the  worker  himself,  or 
from  any  other  individual.  It  is  my  custom  to  place  about  10  c.c.  of 
sodium  citrate  solution  (2  per  cent,  sodium  citrate  in  0.9  per  cent, 
sodium  chlorid  solution)  in  a  centrifuge  tube,  and  when  a  test  is  to  be 
performed  to  add  about  1  c.c.  of  the  blood  from  the  patient.  The 
remainder,  3  or  4  c.c,  being  used  for  the  test  as  described  above.  The 
sodium  citrate  prevents  clotting,  and  on  centrifugalization  the  corpuscles, 
are  thrown  to  the  bottom  of  the  tube.  They  are  washed  twice  more  in 
normal  salt  solution  and  a  5  per  cent,  solution  made. 

TITRATION  OF  REAGENTS 

Before  the  actual  performing  of  the  test  the  various  reagents  must  be 
titrated ;  that  is,  the  strength  of  the  amboceptor,  antigen  and  complement 
must  be  so  determined.  The  dosage  of  the  patient's  serum  (0.1  c.c),  is 
chosen  as  being  the  smallest  amount  sure  to  contain  sufficient  antibodies 
to  bind  complement  if  any  are  present. 

The  dosage  of  corpuscle  suspension  (0.5  c.c.)  makes  a  1  per  cent, 
solution  when  the  total  volume  in  the  tube  is  brought  up  to  2.5  c.c, 
and  this  has  been  found  to  give  the  clearest  reaction. 

In  titrating  the  amboceptor  and  complement  two  sets  of  tubes  are 
used.  To  each  tube  of  one  set  is  added  0.1  c.c  of  inactivated  patient's 
serum,  and  to  each  tube  of  the  other  set  one  unit  of  antigen  is  added,  as 
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frequently  the  titer  is  higher  without  them.  It  is  not  necessary  to  titrate 
the  antigen  and  amboceptor  each  time,  as  they  are  fairly  stable ^  but 
complement  should  invariably  be  titrated  before  each  test. 

PERFORMING  OF  THE   TEST 

The  actual  performing  of  the  test  is  carried  out  as  follows : 
A  test-tube  rack  made  of  galvanized  iron  with  three  rows  of  holes  is 
used.     Three  tubes  are  used  for  each  serum  to  be  tested,  three  for  the 
negative  control  serum,  and  three  for  the  positive  control  serum.     In 
addition  to  these,  eight  tubes  to  control  the  reagents  are  used. 

The  three  tubes  for  the  serums  to  be  tested  and  the  control  sera  are 
placed  opposite  one  another  in  the  three  rows  of  holes  in  the  rack.  One- 
tenth  of  a  cubic  centimeter  of  serum  is  put  into  each  tube  and  the  rack 
placed  in  the  water  bath  at  55  to  56  centigrade  for  one-half  hour.  Only 
the  amount  of  serum  required  for  the  test  is  inactivated  at  one  time.  This 
is  done  so  that  when  a  strongly  positive  serum  is  found  the  remaining 
amount  may  be  preserved.  It  has  been  found  that  non-inactivated 
serums  retain  their  antibodies  much  longer  than  do  inactivated  sera. 

TABLE  1.— Tubes  fob  Test 

Tube      Serum  Comple-  Anti-  Ambo-  Corpus-  NaCl  q.s.       Result 

ment,  gen  ceptor,       eles  c.c. 

Units  ....  Units         c.c. 

Rear             0.1           2                0                2           0.5  2.5             Hem. 

Center         0.1           0                0               2           0.5  2.5             No  Hem. 

Front           0.1           2  1  unit          2           0.5  2.5             Hem.  or  no  Hem. 

After  inactivation  the  tubes  are  cooled,  two  units  of  complement 
placed  in  each  tube  of  the  front  and  rear  rows,  and  one  unit  of  antigen 
placed  in  each  tube  of  the  front  row.  With  normal  salt  solution  the 
volume  in  the  tubes  is  then  brought  up  to  2.5  c.c,  less  0.5  c.c.  for  the 
corpuscle  suspension  and  the  amount  of  two  amboceptor  units.  The 
rack  is  then  placed  in  the  water  bath  at  37.5  centigrade  for  one-half  hour. 
Following  this  first  incubation,  two  units  of  amboceptor  and  0.5  c.c.  of 
corpuscle  suspension  are  added  to  all  the  tubes.  Incubation  is  then  con- 
tinued for  one  hour,  during  which  time  the  tubes  should  be  shaken  every 
fifteen  or  twenty  minutes  to  facilitate  hemolysis.  It  will  be  seen  that  in 
the  rear  tubes  which  contain  no  antigen  there  should  be  complete  hem- 
olysis, and  in  the  center  tubes,  which  contain  no  complement,  there 
should  be  no  hemolysis.  And  in  the  front  tubes  there  should  or  should 
not  be  hemolysis,  depending  on  whether  the  serum  was  positive  or  nega- 
tive. After  removing  from  the  water  bath  the  rack  is  placed  in  the 
ice-box  four  or  five  hours  when  the  results  are  read. 

The  eight  control  tubes  are  prepared  as  follows :  No.  1  contains  com- 
plement, amboceptor  and  corpuscles;  ^STo.  3  complement,  antigen,  ambo- 
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ceptor  and  corpuscles;  Xo.  3,  complement,  antigen  and  corpuscles;  Xo. 
4,  complement  and  corpuscles;  Xo.  5,  antigen,  amboceptor  and  cor- 
puscles; No.  6,  antigen  and  corpuscles;  No.  7,  amboceptor  and  cor- 
puscles, and  jSTo.  8,  corpuscles  alone.  The  control  tubes  are  prepared  in 
the  same  manner  as  the  tubes  for  the  tests;  that  is,  the  reagents  are  added 
in  the  same  order;  complement  and  antigen  before  the  first  incubation, 
and  amboceptor  and  corpuscles  after.  To  each  is  added  before  the  first 
incubation  sufficient  normal  salt  solution  to  make  the  total  volume  2.5 
c.c.  It  will  be  seen  from  the  accompanying  table  (Table  2),  that  in 
Tubes  1  and  2  there  should  be  complete  hemolysis,  and  in  the  remaining 
tubes  there  should  be  complete  absence  of  hemolysis. 


TABLE  2 

!. — Control 

TCBES 

ibe 

Serum 

Comple- 

Antigen 

Ambocep- 

Corpus- 

NaCl q.s. 

Result 

ment,  Units      .... 

tor.  Units 

cles,  c.c. 

c.c. 

1 

0 

2 

0 

2 

0.5 

2.5 

Hem. 

2 

0 

2 

1  unit 

2 

0.5 

2.5 

Hem. 

3 

0 

2 

1  unit 

0 

0.5 

2.5 

Xo  Hem. 

4 

0 

2 

0 

n 

0.5 

2.5 

Xo  Hem. 

5 

0 

0 

1  unit 

2 

0.5 

2.5 

Xo  Hem. 

6 

0 

0 

1  unit 

0 

0.5 

2.5 

Xo  Hem. 

7 

0 

0 

0 

2 

0.5 

2.5 

Xo  Hem. 

8 

0 

0 

0 

0 

0.5 

2.5 

Xo  Hem. 

ADVANTAGES 

The  advantages  of  my  system  are : 

1.  It  does  away  with  the  chance  for  error  which  is  found  in  the 
original  Wassermann  of  the  serum  to  be  tested  containing  natural  anti- 
sheep  amboceptor. 

2.  The  ease  with  which  the  corpuscles  may  be  secured  for  the  test. 

3.  It  uses  a  sufficient  quantity  of  serum  to  assure  plenty  of  antibodies 
if  any  are  present, 

4.  The  total  volume  in  the  tubes  is  great  enough  to  give  a  clear-cut 
reaction. 

5.  The  elaborate  system  of  controls  makes  an  error  impossible. 

DISADVAXTAGES 

The  disadvantages  of  my  system  are : 

1.  The  tubes  must  be  shaken  during  incubation. 

2.  A  greater  number  of  tubes  are  required. 
Urqnhart  Building. 


A  STUDY  OF  THE  THEEAPEUTIC  VALUE  OF  A  DIUEETIC 

(THEOBEOMIK    SODIUM    SALICYLATE     OE    DIU- 

EETIN)     IN    ACUTE    EXPEEIMEXTAL 

NEPHEITIS    (STUDY    XVI)* 

HENRY    A.    CHRISTIAN,    M.D.,  and    JAMES    P.    O'HARE,    M.D. 

BOSTON 

This  study  was  imdertaken  with  the  idea  of  ascertaining  whether  or 
not  there  M^as  any  experimental  evidence  in  support  of  the  claim  made 
frequently  by  clinicians  that  diuretics  are  contra-indicated  in  many  cases 
of  acute  nephritis  because  they  act  to  increase  the  work  of  the  kidney 
and  are  irritants  which  may  augment  the  pathological  process  already 
existent  in  the  kidney.  Clinicians  holding  this  view  regard  diuretic 
drugs  as  harmful  in  cases  of  acute  nephritis.  If  diuretics  are  harmful  in 
acute  nephritis  animals  with  experimental  renal  lesions  similar  to  those 
in  acute  nephritis  in  man  should  be  unfavorably  influenced  by  diuretic 
drugs.  This  series  of  experiments  was  planned  to  determine  whether  or 
not  this  was  the  case  with  one  diuretic  (theobromin  sodium  salicylate  or 
diuretin ) . 

Experiments  were  conducted  chiefly  along  a  comparative  therapeutic 
line.  An  acute  nephritis  was  produced  in  rabbits,  and  then  a  diuretic 
drug^  (diuretin)  was  given  to  a  part  of  the  animals.  The  effect  was 
judged  mainly  by  the  effect  of  the  diuretic  drug  on  the  time  elapsing 
between  the  dose  of  the  substance  used  as  a  renal  irritant  and  the  death 
of  the  animal.  In  all  of  the  experiments  uranium  nitrate  was  utilized  as 
a  renal  irritant,  since  it  produces  an  experimental  nephritis  in  many 
respects  similar  to  that  occurring  in  human  beings.  Eabbits  were  the 
animals  selected  because  a  considerable  number  of  experiments  previously 
made  for  other  purposes  with  these  animals  had  given  us  a  knowledge  of 
the  effects  that  might  be  expected  from  the  use  of  such  renal  irritants. 


*  There  have  been  published  previously  a  series  of  studies  on  experimental 
cardiorenal  disease  by  Drs.  H.  A.  Christian,  R.  M.  Smith  and  I.  C.  Walker: 
Studies  I  and  II,  Boston  Med.  and  Surg.  Jour.,  1908,  clviii,  696,  and  1908,  clix,  8; 
Study  III,  Jour.  Am.  Med.  Assn.,  1909,  liii,  1792;  and  Studies  IV,  V,  VI,  VII, 
VIII,  IX,  X,  XI,  XII,  Xirr,  XIV  and  XV,  The  Archives  Int.  Med.,  1911,  viii, 
468-551. 

*  From  the  Laboratory  of  the  Department  of  Theory  and  Practice  of  Physic, 
Harvard  University. 

*  This  work  was  done  under  a  grant  from  the  Proctor  Fund  for  the  Study  of 
Chronic  Diseases. 

*  Manuscript  submitted  for  publication  in  The  Archives  March  31,  1913. 

1.  The  drug  used  was  purchased  under  the  trade  name  of  diuretin  from  two 
retail  drug  stores.     No  difference  in  effect  was  observed  between  the  two. 
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In  Series  1  to  6  uranium  nitrate  was  administered  subciitaneously,  and 
diuretin  was  used  in  watery  solution  administered  with  a  stomach  tube. 
In  Series  7  to  11  uranium  nitrate  was  given  intravenously  and  intraven- 
ous administration  of  diuretin  was  employed.  In  all  eighty-two  rabbits 
divided  into  several  series  were  used.  Each  series  was  divided  into 
subject  animals  and  controls.  In  some  series  the  subject  animals  and 
controls  were  arranged  in  parallel  groups  of  approximately  equal  body 
v>'eights  and  were  given  equal  doses  of  the  djug.  In  most  of  the  series 
the  drugs  used  were  given  in  doses  varying  in  size  according  to  the  body 
weight  of  the  animal. 

In  the  first  series,  twelve  rabbits  varying  from  1,370  to  2,100  grams 
divided  into  pairs  of  approximately  equal  weights  were  used.  All  were 
given  subcutaneously  at  twenty-four-hour  intervals  three  doses  of  5  mg. 
of  uranium  nitrate.  After  the  first  twenty-four  hours  one  of  each  pair 
of  the  animals  was  given  0.4  gm.  of  diuretin  by  stomach  tube,  and  this 
was  repeated  daily  in  most  cases  until  the  animal  died.  The  animals 
which  received  uranium  nitrate  alone  were  regarded  as  controls  for  the 
subject  animals  that  received  uranium  nitrate  and  diuretin.  In  this 
series  the  nephritis  produced  was  a  severe  one  and  the  dose  of  diuretin 
was  large.  As  a  result  many  of  the  animals  died  quickl}^  as  shown  by 
Table  1.  The  corresponding  animal  was  killed  at  the  time  of  death  of 
the  other  animal  in  order  to  compare  the  anatomical  changes  in  the  two 
groups  of  animals.  In  this  series  no  very  striking  difi'erence  exists  as 
regards  length  of  life  between  the  animals  with  and  without  diuretin. 
Xine  out  of  the  twelve  animals  died  four  days  or  less  after  the  first  dose 
of  uranium  nitrate,  and  in  two  days  or  less  after  the  last  dose.  It  is  true 
that  the  three  animals  killed  to  tally  with  their  partners  had  received 
diuretin  and  this  might  suggest  a  favorable  action  for  diuretin,  but  in  the 
light  of  subsequent  experiments  this  seems  rather  a  matter  of  accident, 
the  dosage  of  uranium  nitrate  being  too  gi'eat  to  allow  of  any  sharp 
demarkation  between  treated  and  untreated  animals. 

In  the  second  series  (Table  2)  nine  rabbits  were  given  a  daily  diet  of 
150  gm.  of  carrots  per  kilo  of  body  weight.  Uranium  nitrate  was  given 
subcutaneously  to  all  of  the  rabbits  in  a  dosage  of  Sy^  mgm.  per  kilo  of 
body  weight  for  two  doses,  twenty-four  hours  apart.  To  half  of  the 
rabbits  was  given  daily  0.235  gm.  of  diuretin  per  kilo  of  body  weight  by 
means  of  a  stomach-tube.  In  this  series  the  animals  receiving  no  diuretic 
outlived  those  receiving  a  diuretic  (diuretin),  as  shown  by  Table  2. 

In  the  third  series  (Table  3)  six  rabbits  were  fed  as  in  the  second 
series  and  each  received  subcutaneously  3i/i  mgm.  of  uranium  nitrate. 
For  these  animals  the  daily  dose  of  diuretin  was  reduced  to  28.6  mgm. 
per  kilo,  respectively.  All  animals  not  receiving  a  diuretic  outlived  those 
receiving  a  diuretic.    The  average  length  of  life  of  the  rabbits  receiving 
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uranmm  nitrate  alone  was  8.5  days,  acd  of  those  receiving  uranium  and 
diuretin  5.3  days. 

In  the  fourth  series  (Table  4)  the  rabbits  were  treated  in  the  same 
way  as  in  the  third  series.  Of  these,  one  rabbit  receiving  diuretin  may  be 
said  to  have  survived,  as  it  died  on  the  twenty-second  day  from  a  com- 
plicating empyema.  Omitting  this  animal,  the  other  two  with  diuretin 
lived  an  average  of  eight  and  a  half  days,  and  two  controls  an  average  of 
nine  days.  Omitting  this  one  surviving  rabbit,  this  series  shows  a  short- 
ened duration  of  life  for  rabbits  receiving  the  diuretic  drug. 

In  the  fifth  series  (Table  5)  the  rabbits  were  treated  in  the  same  way 
as  in  the  fourth  series.  Three  rabbits  survived,  two  with  diuretin  treat- 
ment, and  one  with  no  treatment.  Of  the  non-survivors,  one  with  diu- 
retin lived  six  days,  and  two  controls  lived  an  average  of  six  and  a 
half  days. 

In  the  sixth  series,  three  doses  of  uranium  nitrate  (3i/^  mgm.  per  kilo 
of  body  weight)  were  given  subcutaueously  on  successive  days.  Twenty- 
four  hours  after  the  last  dose  diuretin  was  given  in  doses  half  the  size  of 
those  used  in  the  preceding  series,  namely,  14.3  mgm.  per  kilo,  and  this 
was  repeated  daily.  In  this  series  all  but  one  of  the  rabbits  receiving 
diuretin  survived,  while  the  controls  lived  an  average  of  ten  days. 

In  the  seventh  series  (Table  7)  two  doses  of  3l^  mgm.  of  uranium 
nitrate  per  kilo  of  body  weight  were  given  intravenously  at  twenty-four- 
hour  intervals,  and  to  half  of  these  rabbits  was  given  intravenously  on 
the  day  of  the  last  dose  of  uranium  7  mgm.  of  diuretin  in  2  c.c.  of  water 
per  kilo  of  body  weight,  and  on  the  next  day  14  mgm.  of  diuretin  in  4  c.c. 
of  water  per  kilo  of  body  weight.  All  of  the  rabbits  died  on  the  same 
day,  two  days  after  the  last  dose  of  uranium  nitrate.  These  results  indi- 
cated too  large  a  dosage  of  uranium  and  so  this  was  reduced  in  sub- 
sequent experiments  to  two  doses  intravenously  instead  of  three.  In  this 
and  subsequent  series  the  rabbits  were  fed  carrots  and  hay  freely  and  had 
constant  access  to  water. 

In  the  eighth  series  (Table  8)  two  doses  of  3^  mgm.  of  uranium 
nitrate  per  kilo  of  body  weight  were  given  intravenously  at  twenty-four- 
hour  intervals,  and  on  the  following  morning  14  mgm.  of  diuretin  in  4 
c.c.  of  water  per  kilo  of  body  weight  were  given  intravenously,  and  this 
dosage  was  repeated  morning  and  afternoon.  Series  9  (Table  9),  10' 
(Table  10)  and  11  (Table  11)  were  treated  in  the  same  way.  In  these 
four  series  four  animals  survived;  four  with  diuretin  and  none  without 
diuretin.  Of  those  dying  during  the  experiments,  sixteen  received  diu- 
retin, and  their  average  duration  of  life  was  4.56  days;  seventeen  did  not 
receive  diuretin,  and  their  average  duration  of  life  was  6.23  days. 

In  all  of  the  rabbits  which  died,  microscopic  study  showed  in  the 
kidney  typical  acute  nephritis  of  the  uranium  nitrate  type,  with  extensive 
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necrosis  of  the  tubular  epithelium.  Control  experiments  were  made  to 
show  that  diuretin  in  various  doses  by  stomach-tube  and  intravenously, 
such  as  were  used  in  these  experiments,  was  not  toxic  for  normal  rabbits, 
and  that  water  in  intravenous  doses  of  4  c.c.  per  kilo  of  body-weight  twice 
daily  did  not  produce  any  appreciable  disturbance  in  the  rabbits,  when 
each  was  given  over  periods  longer  than  those  used  in  the  experiments 
described  above. 

SUMMARY 

Diuretin  was  given  to  rabbits  in  which  an  acute  nephritis  had  been 
produced  with  uranium  nitrate.  In  forty-one  rabbits  the  uranium  nitrate 
was  given  subcutaneously  and  the  diuretin  by  stomach-tube ;  in  forty-one 
rabbits  each  drug  was  given  intravenously.  The  amount  of  diuretin 
varied  from  large  doses  to  l-i  mgm.  per  kilo  of  body-weight.  The  latter  is 
equivalent  to  1  gm.  dose  for  an  average  sized  man.  A  few  rabbits  in  the 
first  series  were*  killed  as  controls  of  rabbits  dying ;  in  all  other  series  the 
rabbits  were  allowed  to  live  as  long  as  possible.  Of  the  entire  series, 
twelve  survived,  nine  of  which  had  had  diuretin,  three  had  not.  In  this 
number  of  survivors  may  be  rabbits  which,  on  account  of  high  resistance, 
did  not  have  a  severe  acute  nephritis.  Such  resistant  animals  have  been 
encountered  in  other  sets  of  experiments.  Of  those  dying  under  experi- 
ment, the  average  duration  of  life  for  those  receiving  uranium  nitrate 
subcutaneously  and  diuretin  by  stomach  tube  was  six  days,  of  the  controls 
(uranium  nitrate  subcutaneously)  6.94  days;  the  average  duration  of 
life  for  those  receiving  uranium  nitrate  and  diuretin  intravenously  was 
4.56  days;  of  the  controls  (uranium  nitrate  intravenously)  6.23  days. 

COXCLUSIOXS 

Diuretin  given  to  rabbits  with  a  severe,  fatal  experimental  nephritis, 
shortens  the  duration  of  life  of  these  animals.  On  the  other  hand,  nine 
out  of  twelve  rabbits  which  survived  the  experiment  had  received  diu- 
retin. This  work  supports  the  view  that  in  a  severe  acute  nephritis  a 
diuretic  drug,  such  as  diuretin  is  contra-indicated  inasmuch  as  in  the 
experiments  diuretin  shortened  the  lives  of  the  animals.  On  the  other 
hand,  of  the  survivors  a  large  proportion  (three-fourths)  had  received 
diuretin.  This  rather  gives  support  to  the  view  that  in  less  severe  cases 
diuretin  may  be  beneficial  and  so  justifies  the  cautious  use  of  the  drug 
in  moderately  severe  cases  of  acute  nephritis.  In  the  survivors  it  is  not 
certain  that  acute  severe  renal  lesions  were  produced ;  consequently  deduc- 
tions from  these  relatively  few  survivors  are  of  less  value  than  from  the 
larger  number  dying  during  the  experiments.  Of  course,  it  is  realized 
in  making  deductions  such  as  the  above  that  they  may  not  be  applicable 
directly  to  conditions  in  the  human  being,  for  due  allowance  must  be 
made  for  the  many  differences  between  man  and  the  lower  animals.  The 
experiments,  however,  certainly  support  the  view  that  diuretin  as  a 
diuretic  drug  may  be  harmful  in  a  case  of  acute  nephritis. 
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Tables    Showing   Effect   of   Diuretin    on    Rabbits   with    Experimental 

Nephritis 


No.  of 
Rabbit 
354 
353 
344 
343 
351 
352 
350 
349 
345 
346 
347 
348 


Weight 
Gm. 


1,440 
1,420 
1,640 
1.690 
1,730 
1,780 
1,800 
1,810 
1,930 
2.100 


Days  of  Life  After 

Dose  of  Uranium 

Nitrate 


(died) 
( died ) 
(died) 
(killed) 
(died) 
(killed) 
(died) 
(killed) 
( died ) 
(died) 
( died ) 
( died ) 


None. 

Diuretin  0.4 
None. 

Diuretin  0.4 
None. 

Diuretin  0.4 
None. 

Diuretin  0.4 
None. 

Diuretin  0.4 
None. 
Diuretin  0.4 


Treatment 

gm.,  3  doses, 
gm.,  2  doses, 
gm.,  3  doses, 
gm.,  3  doses, 
gm.,  3  doses, 
gm.,  3  doses. 


382 
385 
380 
383 
381 
384 


1.400 
1,420 
1,820 
1,800 
2,000 
2,020 


28+    (*) 

5  (died) 
7    (died) 

6  (died) 

27+    (*) 
4    (died) 


None. 

Diuretin  0.235  gm.  per  kilo,  3  doses. 

None. 

Diuretin  0.235  gm.  per  kilo,  4  doses. 

None. 

Diuretin  0.235  gm.  per  kilo,  3  doses. 


*  Used  for  another  experiment. 


388 
391 
393 
396 
392 
389 


429 
427 
425 
424 
387 


443 
455 
452 

456 
454 

457 


479 

478 
486 
477 
475 
482 


504 
505 
506 

507 


1,510 
1,510 
1,750 
1,770 
2,190 
2,090 

2,120 
1,950 
2,410 
2,260 
2,590 


1,350 
1,350 
1,470 
1.580 
2,030 
1,980 


1,550 
1,600 
1,620 
1,770 
1,740 
1,820 


table     III 

8  (died)  None. 

5  (died)  Diuretin   28.6  mgm.   per   kilo.  4   doses. 

8  (died)  None. 

5  (died)  Diuretin   28.6   mgm.   per  kilo,   3   doses. 

9  ( died )  None. 

6  (died)  Diuretin  28.6  mgm.   per  kilo,  4  doses. 


28.6  mgm.  per  kilo,  7  doses. 
28.6  mgm.  per  kilo,  20  doses. 
28.6   mgm.   per  kilo,  6  doses. 


table  IV 

9    (died) 

Diuretin 

9    (died) 

None. 

22    (died) 

Diuretin 

9    (died) 

None. 

8    (died) 

Diuretin 

table   v 

Survived 

None. 

7    (died) 

Diuretin 

10    (died) 

None. 

Survived 

Diuretin 

5    (died) 

None. 

Survived 

Diuretin 

table    VI 

13    (died) 

None. 

Survived 

Diuretin 

8    (died) 

None. 

11    (died) 

Diuretin 

9    (died) 

None. 

Survived 

Diuretin 

TABLE     VII 

4    (died) 

None. 

4    (died) 

None. 

4   (died) 

Diuretin 

Diuretin 

4    (died) 

Diuretin 

Diuretin 

28.6  mgm.  per  kilo,  5  doses. 
28.6  mgm.  per  kilo,  60  doses. 
28.6  mgm.  per  kilo,  60  doses. 

14.3  mgm.  per  kilo,  19  doses. 
14.3  mgm.  per  kilo,  9  doses. 
14.3  mgm.  per  kilo,  19  doses. 


7  mgm.  per  kilo,  1  dose. 
14  mgm.  per  kilo,  1  dose. 

7  mgm.  per  kilo,  1  dose. 
14  mgm.  per  kilo,  1  dose. 
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Tables    Showing    Effect   of   Diuretix    ox    Rabbits   with    Experimental 

Nephritis 


table 

VIII 

Days  of  Life  After 

No.  of 

Weight 

Dose  of  Uranium 

Treatment 

Rabbit 

Gm. 

Nitrate 

537 

2.310 

3    (died) 

Diuretin  14  mgm. 

per  kilo, 

4  doses. 

538 

1.950 

8    (died) 

None. 

539 

1.160 

3    (died) 

Diuretin  14  mgm. 

per  kilo, 

3  doses. 

540 

1.760 

5    (died) 

None. 

541 

1.600 

3    (died) 

Diuretin  14  mgm. 

per  kilo, 

3  doses. 

542 

1.750 

8    (died) 

None. 

543 

1,600 

Survived 

table 

Diuretin  14  mgm. 

IX 

per  kilo, 

8  doses. 

560 

1.050 

4    (died) 

None. 

557 

1,120 

3    (died) 

Diuretin  14  mgm. 

per  kilo. 

4  doses. 

551 

1.150 

4    (died) 

None. 

554 

1.200 

4   (died) 

None. 

558 

1.200 

3    (died) 

Diuretin  14  mgm. 

per  kilo. 

3  doses. 

553 

1.900 

8    (died) 

None. 

550 

1.950 

Survived. 

Diuretin   14  mgm. 

per  kilo, 

16  doses. 

552 

1.810 

10    (died) 

None. 

561 

1.400 

3    (died) 

Diuretin  14  mgm. 

per  kilo, 

5  doses. 

559 

1.500 

6    (died) 

None. 

556 

1.310 

Survived 

Diuretin  14  mgm. 

per  kilo, 

16  doses. 

555 

1,250 

4    (died) 

TABLE 

Diuretin  14  mgm. 
:  X 

per  kilo, 

4  doses. 

564 

1.860 

5    (died) 

Diuretin  14  mgm. 

per  kilo, 

6  doses. 

565 

1.910 

6    (died) 

None. 

566 

1.670 

3    (died) 

Diuretin   14  mgm. 

per  kilo, 

2  doses. 

567 

1,820 

G    (died) 

None. 

568 

1.150 

4    (died) 

Diuretin  14  mgm. 

per  kilo, 

4  doses. 

569 

1.820 

5    (died) 

None. 

570 

1,910 

Survived 

Diuretin  14  mgm. 

per  kilo, 

8  doses. 

571 

1,210 

4    (died) 

None. 

572 

1,350 

5    (died) 

TABLE 

Diuretin   14  mgm. 
:  XI 

per  kilo, 

6  doses. 

576 

1,350 

6    (died) 

None. 

579 

1,560 

8    (died) 

Diuretin   14  mgm. 

])er   kilo, 

10  doses, 

585 

1.450 

6    (died) 

None. 

586 

1.610 

7    (died) 

Douretin   14  mgm 

.  per  kilo, 

,  9  doses. 

578 

1,750 

8    (died) 

None. 

584 

1,810 

7    (died) 

Diuretin   14  mgm. 

,  per  kilo. 

9  doses. 

577 

1.850 

5    (died) 

Diuretin  14  mgm. 

per  kilo, 

5  doses. 

580 

1.950 

8    (died) 

None. 

583 

2.060 

7    (died) 

Diuretin   14  mgm, 

.  per  kilo. 

,  9  doses. 

Peter  Bent  Brigham  Hospital. — Carney  Hospital. 


A  CASE  OF  INFANTILISM  ASSOCIATED  WITH  PITUITAEY 

NEOPLASM  * 

E.     J.     MULLALLY,     M.D. 

MONTREAL 

Illness  depending  on  pituitary  disturbances  is  becoming  more  fre- 
quently recognized.  The  case  of  infantilism  here  reported  is  presented 
as  an  example  of  an  interesting  condition  worthy  of  addition  to  the 
records  of  pituitary  disorders. 

CASE  EEPORT 

History. — H.  H.,  male,  aged  26  years,  occupation  errand  boy,  weight  70  pounds; 
height  3  feet  8  inches,  entered  the  Eoyal  Victoria  Hospital  on  account  of  head- 
aches, vomiting  and  vertigo.  He  was  a  full  term  healthy  child  of  9  pounds  at 
birth,  and  grew  quite  normally  and  naturally  until  the  age  of  10  years;  he  has 
not  grown  any  since.  As  long  as  he  can  remember  he  has  had  attacks  of 
vertigo,  and  at  times  double  vision.  About  every  month  he  was  troubled  with 
an  attack  of  severe  frontal  headache,  which  sometimes  darted  through  to  the 
occiiiut;  it  was  as  a  rule  much  worse  during  the  day  than  at  night.  Vomiting 
was  another  distressing  symptom  which  later  began  to  trouble  him.  It  usually 
accompanied  Ihe  headache,  was  explosive  in  quality,  occurred  sometimes  after 
meals,  but  often  independent  of  them.  These  attacks  of  headache,  vertigo  and 
vomiting  would  last  two  or  three  days,  and  between  them  he  was  comparatively 
well,  and  able,  when  he  grew  a  little  older,  to  do  work  as  an  errand  boy.  Within 
the  past  year  or  so  these  attacks  have  become  more  frequent,  and  at  times  more 
prolonged.  Stiffness  of  the  muscles  of  his  legs  have  been  also  observed  by  him 
duiing  this  time,  and  objects  appeared  to  move  up  and  down,  and  very  often 
appeared  double  to  him.  His  voice  and  mental  development  never  got  beyond 
that  of  a  boy  of  10  years,  and  his  appearance  shortly  before  his  death  was 
of  a  fleshy  boy  of  that  age;  it  could  hardly  be  credited  that  he  was  26  years  old. 

Examination. — The  general  contour  of  his  body  was  suggestively  feminine; 
his  Iiead  wa"^  large  and  his  forehead  slightly  prominent.  He  was  mentally  bright 
for  a  boy;  he  was  sexually  as  a  boy  of  TO;  he  had  no  desire  to  associate  with 
young  men  of  his  actual  age;  his  amusements  were  boyish — tops,  marbles  and 
such  toys.  His  skin  was  pale;  on  the  face  it  had  a  distinct  yellowish  tinge,  not 
by  any  means  jaundiced;  the  subcutaneous  fat  was  well  marked.  Tliere  were 
no  lymph-node  enlargements.  His  thyroid  was  not  palpable.  There  was  slight 
fuliicss  of  the  mammary  glands,  no  distinct  enlargement,  but  on  palpation  in 
that  sitiiation  the  tissues  were  distinctly  firmer  to  the  touch  than  the  surround- 
ing structures.  There  was  no  hair  on  his  body.  The  hair  of  his  head  w'as  dry, 
straight  and  coarse.  His  genital  organs  were  those  of  a  boy.  His  chest  was 
slightly  barrel-shaped,  well  formed,  symmetrical.  His  pulse  averaged  68  to  the 
minute,  of  regular  rhythm,  but  low  tension.  His  blood-pressure  was  90  to 
100  mm.  of  mercur}'. 

There  were  no  pathological  reflexes  present,  no  strabismus,  nor  nystagmus, 
bur,  double  optic  neuritis  developed  shortly  before  his  death.  He  was  under 
observation  off  and  on  for  three  months,  but  his  headache,  vertigo,  etc.,  ceased 
afte.-  his  first  few  days  in  the  hospital.  His  last  entrance  to  the  hospital  was 
five  days  before  his  death;  his  headaches  were  severe  (uncontrollable  by  the  usual 
remedies),  and  vomiting  was  frequent;  muscular  twitchings  of  the  legs  and  arms 
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were  present  and  he  was  very  dull  mentally.  His  urine  for  tlie  first  time  was 
found  to  i-ontain  abnormal  constituents:  specific  gravity  was  1.012,  no  albumin 
o.-  sugar,  but  acetone  in  abundance,  and  a  trace  of  diacetic  acid.  His  tempera- 
ture had  ranged  from  97  in  the  morning  to  99  in  the  evening  throughout  his 
stay  in  the  ward,  rose  to  101  twenty  hours  before  his  death. 

aecropsy. — Examination  of  the  body  was  made  four  hours  after  his  death. 
An  undersized  male;  apparent  age  12  years.  Difl'use,  light-yellow  pigment  in 
skin  of  face.  Scanty  eyebrows.  Teeth  were  excellent  and  well  formed.  Eyes 
were  gi'ay;  pupils  were  equal  and  slightly  dilated;  eyelashes  long  and  curved. 
Chest  was  prominent,  and  the  skin  was  absolutely  white.  Breasts  contained  some 
fat.  There  was  no  hair  on  the  body  at  all.  Abdomen  was  prominent  and  fat. 
Genital  organs  were  small.     The  testicles   had  descended. 

The  scalp  was  thin,  and  stripped  readily  from  the  skull,  which  was  thin 
and  transparent.  The  dura  was  not  adherent.  The  blood-vessels  of  the  dura 
were  congested.  There  was  an  excess  of  fiuid  between  the  dura  and  the  brain. 
There  was  no  thrombosis  of  the  sinuses.  The  sella  turcica  was  widened,  and  the 
pituitary  was  greatly  enlarged:  it  was  tensely  distended,  particularly  the  por- 
tion nearer  the  brain.  The  infnndibulum  and  stalk  were  likewise  distended.  Tlio 
portion  of  the  pituitary  which  fitted  into  the  sella  turcica  was  2.3  cm.  from 
before  backwards,  and  vertically  it  measured  2.5  cm.  It  was  accidentally  incised 
during  removal,  and  about  10  c.c.  of  bright  yellow  fluid,  which  was  found  to 
c'jntain  numerous  cholesterin  crystals,  escaped.  The  wall  of  the  cyst  Avas  thin 
a^^d  adherent  to  its  inner  surface.  In  the  region  of  the  posterior  lobe  were  three 
or  four  small,  soft,  rounded,  gelatinous-looking  masses.  At  the  bottom  of  the 
cyst  in  the  locality  of  the  anterior  lobe  was  a  mass  of  soft,  light-yellow,  very 
friable  material,  the  remains  of  a  degenerated  anterior  lobe.  The  wall  of  the 
cyst  in  this  locality  was  thicker  and  contained  calcified  material.  The  stalk  of 
the  pituitary  was  widely  distended,  and  was  hollowed  out  continuous  with  the 
infnndibulum,  so  that  there  was  a  free  comnuuiication  between  the  cystic  pituitary 
and  the  third  ventricle.  On  section  of  the  brain  it  was  found  that  the  anterior 
portion  of  the  left  cerebral  hemisphere  was  hollowed  out  in  the  white  matter, 
and  contained  a  turbid  yellowish  cholesterin-containing  fiuid.  The  margins  of 
the  cavity  were  ill-defined.  Projecting  into  it  from  behind  was  a  jelly-like  mass 
of  reddish  color  continuous  with  the  chorioid  plexus,  forming  a  soft  watery 
mass  as  large  as  the  pituitary  itself.  The  posterior  horn  of  the  left  lateral 
ventricle  was  not  dilated,  and  its  walls  were  normal.  The  posterior  horn  of  the 
right  lateral  ventricle  was  dilated,  though  its  walls  were  normal  in  appearance. 
The  right  chorioid  plexus  was  small,  apparently  normal;  in  the  neighborhood 
of  the  velum  interpositum  the  white  matter  showed  numerous  punctate  hemor- 
rhages; the  same  condition  was  seen  in  tin-  velum  itself  and  in  tiie  posterior 
portion  of  the  corpus  callosum. 

Sections  of  rounded  masses  found  in  the  cystic  pituitary  show  new  growth 
consisting  of  slender  branching  lints  of  cells  separated  by  a  highly  myxoid 
stroma,  very  rich  in  well-formed  capillaries.  The  cells  at  the  edge  of  the  colunnis 
are  columnar,  those  in  the  center  ])olymor])hous,  they  are  more  or  less  vacuolated. 
Some  of  the  stroma  cells  are  spindle-shajjed,  .some  are  drawn  out  into  multijjle 
processes.  A  few  lymphocytes  and  allied  cells  are  scattered  here  and  there  around 
t!ie  capillaries.  The  tumor  at  the  anterior  part  of  the  chorioid  plexus  shows  the 
same  characters,  save  that  the  processes  of  cells  frequently  include  spaces  fille<l 
witli  colloid  material,  in  a  few  places  resembling  thyroid  colloid.  In  a  few 
instances  there  seems  no  doubt  that  this  change  is  the  result  of  liquefaction  of 
the  myxomatous  tissue  already  mentioned. 

Diagnosis  of  tumor:   cystic  endothelioma. 

Section  of  the  cyst  wall  shows  a  fibro-cystic  change,  with  here  and  tliere 
small  areas  of  necrosis,  while  others  show  evidences  of  liaving  bcH'n  infiltrated  with 
blood. 

Sections  taken  from  the  floor  of  cystic  pituitary  in  the  region  of  the  anterior 
lobe  .showed  a  large  number  of  degenerated  cells  in  which  no  nuclei  are  visible, 
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and  whose  cytoplasm  usually  stains  very  faintly  with  hardly  an  iridication  of 
the  cell  outline.  A  few  cells  are  present  which  have  a  small  dark-staining  nucleus. 
A  great  deal  of  light  yellow  ]>ignient  is  seen  throughout  the  section.  Xo  blood- 
vessels are  seen  and  no  trabecular  framework.  The  anterior  lobe  was  therefore 
much  degenerated. 

The  chest  is  well  formed;  the  Angulus  ludovici  of  the  sternum  is  prominent. 
The  costal  cartilages  are  not  calcified.  The  bone-marrow  of  the  sternum  is  pale 
and  scanty.  The  subcutaneous  fat  was  2.2  cm.  in  thickness  and  light  yellow- in 
color;  the  great  omentum  was  full  of  fat.  The  diaphragm  reached  the  level  of 
the  upper  fourth  rib  on  the  right  side,  and  the  lower  fourth  rib  on  the  left. 

The  thyroid  was  not  enlarged;  it  is  homogeneous.  The  right  lobe  measured 
2.5  by  2.3  cm.     The  left  2.3  by  2  cm.  and  the  weight  of  the  organ  was  5.5  grams. 

Sections  show  acini  of  varying  size,  rounded  in  shape  and  lined  by  a  single 
layer  of  cells  with  deep-staining  nuclei,  and  distended  with  colloid  material. 
The  lining  cells  in  some  of  the  acini  have  a  flattened  appearance.  There  is  no 
fibrosis,  but  excessive  colloid. 


Microphotograi)li  of  tumor  in  the  chorioid  plexus;  showing  the  lines  of 
epithelioid  cells  inclosing  spaces,  some  filled  with  colloid  matter,  others  Avith 
myxoid  tissue.     (Low  power  magnification.) 


A  large  thymus,  particularly  the  left  lobe,  was  present;  it  was  equal  in  size 
to  what  would  be  found  in  a  child.  Sections  showed  abundance  of  lymphoid 
tissue  and  Hassall's  bodies  were  numerous.  The  proper  cells  were  well  defined 
and  fat  spaces  were  moderately  abundant. 

The  liver  weighed  650  grams,  and  measured  19  by  12  by  5  cm.;  it  was 
quadrilateral  in  shape,  rather  flabby ;  the  surface  was  smooth,  mottled  with 
anemic  areas;  diff'erentiation  was  poor.  The  connective  tissue  was  not  increased; 
the  cut  surface  was  firm ;  the  blood-vessels  were  empty.  Microscopic  examina- 
tion showed  no  noteworthy  abnormality. 

The  pancreas  measured  15  by  3  by  1.5  cm.  It  was  soft  and  pink  in  color 
and   natural   on   microscopic  examination. 

The  spleen  weighed  60  grams  and  measured  8  by  6  by  2.3  cm.  The  organ  Avas 
firm;   the  surface  was  smooth  and  was  purple  red  in  color.     Malpighian  bodies 
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were  hardly  visible.  The  trabeculae  were  not  conspicuous  and  the  pulp  was  firm 
histologically. 

Right  kidney  weighed  75  grams;  it  measured  8  by  5  by  1.9  cm.  Juvenile  in 
size.  The  width  of  cortex  was  7  cm. :  medulla  1  cm.  The  capsule  stripped 
easily;  the  surface  was  smooth  and  lobulated;  the  differentiation  of  cortex  was 
good;  the  glomeruli  were  visible.  The  pelvis  and  the  ureter  were  normal.  Left 
kidney  weighted  70  grams  and  had  same  characters  as  right.  There  was  some 
cloudy  swelling  of  the  tubular  epithelium. 

The  adrenals  averaged  5  by  1.2  by  0.3  cm.  The  weight  of  both  was  6  grams. 
They  were  atrophic  in  appearance:  the  cortex  was  pale  in  color;  differentiation 
was  good;  the  pigment  was  pale  and  sharply  marked.  The  medulla  was  gray, 
and  no  necessary  perivenous  cortical  tissue  was  present.  Sections  disclosed  some 
vacuolation  of  the  cells  of  the  reticulate  portion. 

The  testes  were  very  small  and  waxy  looking.  Sections  showed  a  preponder- 
ance of  interstitial  tissue,  some  of  which  was  fibrous  and  some  hyaline;  the 
tubules  were  small  in  size,  had  little  or  no  lumen,  and  were  lined  by  a  single 
layer  of  nucleated  cells  with  a  relatively  small  amount  of  cytoplasm.  Many  of 
the  tubules  here  were  replaced  by  fibrohyaline  tissue.  Very  few  interstitial  cells 
are  seen   (cells  of  Leydig). 

The  other  organs  sho\ved  no  abnormality. 

SUMMAEY  OF  FINDINGS 

This  case  showed  some  remarkable  features.  Briefly,  the  clinical 
manifestations  were :  Marked  underdevelopment  of  the  skeleton  and 
organs.  "Infantile"  development  of  the  mental  system.  Brain  tumor 
symptoms  (headache,  vomiting  and  optic  neuritis).  Feminine  contour 
of  body.  Evenly  distributed  adiposity.  Absence  of  body  hair.  Infantile 
genital  organs.  Low  pulse-rate.  Low  blood-pressure.  Subnormal  tem- 
perature.   Slight  myxedema.    Terminal  changes  in  urine. 

At  necropsy :  Cystic  degeneration  of  the  pituitary,  with  complete 
disappearance  of  the  posterior  lobe,  and  only  a  few  degenerated  cells 
representing  the  anterior  lobe ;  free  communication  through  the  pituitary 
stalk  with  the  third  ventricle.  Neoplasm  of  the  chorioid  plexus  extending 
into  the  pituitary.  Internal  hydrocephalus.  Excessive  colloid  material 
in  thyroid. 

Vacuolation  of  the  fasciculate  layer  of  the  adrenals. 

Underdevelopment  of  the  testes. 

Small  sized  organs  of  the  body  generally. 

Discoloration  of  the  fatty  tissue. 

COMMENT 

Infantilism  has  been  written  about  chiefly  by  the  French  school  of 
medical  observers;  they  have  a  voluminous  literature  on  the  subject,  and 
recognize  distinct  types.  Conjectures  have  in  many  instances  been  made 
as  to  its  causation,  but  few  cases  are  recorded  in  which  an  autopsy  exam- 
ination disclosed  the  nature  of  the  disturbance.  Byron  Bramwell,  in  his 
clinical  studies,  reports  an  interesting  living  case  of  infantilism,  which 
agrees  in  most  particulars  (especially  the  age)  with  ours;  it  was  supposed 
that  the  pituitary  was  at  fault. 
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We  Jiave,  however,  a  number  of  symptoms  in  our  case  which  have  been 
usually  associated  with  the  type  of  pituitary  disturbance  known  as  hypo- 
pituitarism. These  symptoms  are  adiposity,  absence  of  body  hair, 
tendency  to  female  bodily  characteristics.  Absence  of  sexual  sense;  sub- 
normal temperature ;  low  pulse-rate  and  low  blood-pressure,  although  this 
latter  symptom  is  supposed  to  be  due  to  some  disturbance  of  the  adrenal ; 
it  may  be  that  the  adrenal  is  disturbed  because  the  pituitary  is  dis- 
turbed. Also  the  slight  myxedema  changes  may  have  resulted  from  a 
thyroid  change,  secondary  to  a  primary  pituitary  disorder. 

The  outstanding  feature  clinically  in  this  case  was  the  infantile 
characteristics  in  a  male,  aged  26  years,  and  pathologically  the  marked 
pituitary  changes.  1  have  been  unable  to  find  in  the  literature  anotliev 
case  in  which  a  cystic  pituitary  communicated  with  the  third  ventricle 
through  a  hollowed  out  infundibulum  and  stalk.  Such  a  condition  is 
]iormal  in  a  few  of  the  lower  vertebrates,  but  in  man  as  well  as  the  other 
members  of  the  higher  vertebrates  it  is  not.  The  occurrence  of  a  rela- 
tively benign  neoplasm  in  the  chorioid  plexus  and  of  masses  exhibiting 
the  same  characteristics  on  the  walls  of  the  cystic  pituitary,  as  well  as  the 
clinical  Jiistory,  point  toward  a  congenital  origin  for  this  abnormality. 
There  may  also  exist  a  connection  between  the  function  of  the  pituitary 
and  the  chorioid,  as  there  may  also  be  an  embryological  relationship 
between  the  chorioid  and  the  posterior  lobe  of  the  pituitary  body. 

Neoplasms  in  the  pituitary  have  been  often  reported.  The  enlarge- 
ments of  the  anterior  lobe  seen  so  frequently  in  cases  of  acromegaly  have 
been  often  due  to  a  new  growth  as  well  as  to  hypertrophy  of  the  entire 
lobe.  The  type  of  neoplasm  found  in  this  case  is  rare.  We  have  been 
unable  to  find  any  mention  in  the  literature  of  finding  this  type  of  neo- 
plasm in  the  chorioid  and  pituitary  in  the  same  case.  Ziegler  mentions 
a  condition  occurring  in  the  pituitary  to  which  he  gives  the  name  "cystic 
endothelioma,"  the  description  of  which  agrees  very  closely  with  our  case. 

Farnell  describes  an  interesting  change  in  a  pituitary  tumor  removed 
at  autopsy  from  a  female,  aged  43,  whose  symptoms  commenced  when  36 
years  old,  with  headache,  vomiting  and  optic  neuritis,  as  well  as  cessa- 
tion of  menses.    To  Cjuote  some  of  his  description  of  the  findings : 

Semicystic  mass  3  cm.  in  diameter  continuous  with  the  hypophysis  and 
partially  obliterating  foramen  of  Munro.  Both  lateral  ventricles  dilated.  Gritty 
granular  material  and  numerous  small  cysts  found  in  the  tumor  as  well  as 
colloid  material.  Microscopically  it  had  an  adenopapillomatous  structure,  and 
the  older  cells  of  the  growth  showed  tendency  to  degeneration.  Internal  cells  of 
papillae  showed  calcareous  changes. 

He  conjectured  that : 

Its  median  position  and  nodal  relation  to  the  neuro-enteric  canal,  its  contin- 
uity with  the  hypophysis,  strongly  suggest  its  histogenic  relation  not  only  to 
the  buccal  epithelium,  but  to  the  mandibular  type  composing  the  enamel-forming 
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organ  of  the  tooth,  lieiice  its  designation  as  a  hypophyseal  cholesteatoma,  and 
also  an  adaniantonia  comparable  to  those  tumors  developing  in  the  jaws  from 
dental  epithelium. 

It  mav  be  seen  from  this  interesting  case  that  the  pituitary  is  not 
immune  to  pathological  conditions  of  an  obscure  nature.  The  suggestion 
as  to  the  origin  of  the  tumor  in  Farnell's  case  may  be  quite  correct,  and 
the  name  appropriate,  yet  it  would  be  obviously  impossible  to  collect 
within  the  confines  of  one  small  article  all  tlie  obscure  tumor  formations 
of  this  organ.  Suflfiee  it,  at  any  rate  for  the  present,  to  say  that  our  ease 
presents  another  unusual  type  of  tumor  formation  probably  congenital 
in  origin,  and  that  for  some  unexplainable  reason  it  produced  in  the 
pituitary  change  which  brought  about  in  some  obscure  manner,  physical 
and  mental  departures  from  the  normal. 

Many  views  have  been  presented  al)out  ])ituitary  disturbances  since 
Marie,  in  1885,  made  his  interesting  oljservation  connecting  pathologic 
changes  in  the  pituitary  with  acromegaly ;  it  was  not,  however,  until  a 
few  years  ago,  1!)()5,  that  Frolicli  recognized  anotlier  type  of  pituitary 
disorder  resulting  in  disturbances  different  from  tliose  occurring  in 
acromegaly.  Briefly  stated,  the  principal  changes  in  this  condition  were: 
in  females,  adiposity  and  ceasing  of  menstruation;  in  males,  a  tendency 
toward  the  acquirement  of  female  bodily  characteristics,  with  impotence. 

Recent  histological  'Studies  confirm  wliat  was  |)i-eviously  held,  tliat 
there  are  at  least  two  distinct  types  of  cells  in  the  anterior  or  glandnlar 
lobe  of  the  pituitary  body.  It  is  conjectured,  principally  from  their 
anatomical  situation,  that  tliese  two  types  have  distinct  and  separate 
function.*,  and  })rol)ably  discharge  the  i)roduets  of  their  metabolism  into 
the  different  channels,  the  one  iiito  the  cerebrospinal  fluid,  the  other  into 
tlie  blood.  The  posterior  lobe  of  the  ])ituitary  is  composed  of  modified 
1)1  ain  tissue,  and  in  its  aciion  on  l)loo(1-)))-essurc  it  resenibles  the  adi'enal, 
although  there  arc  sonic  important  difTcrcnces. 

Even  from  this  bi'icl'  i'c<  ital  of  tlie  more  outstanding  anatomical 
features  of  the  pituitaiy,  it  may  be  seen  liow  I'icli  the  jiossibilities  are 
for  conjecture  regarding  its  functions.  It  is  not  to  he  woinU'i-t'd  at  that 
this  well-protected  and  isolated  organ  has  only  in  recent  years  excited  the 
curiosity  of  the  research  worker.  While  something  has  been  accom- 
plished, much  remains  to  be  done.  It  was  only  natural  to  ex])cct  that 
at  the  beginning  of  the  work  many  unusual  findings  were  recorded;  there 
is  much  obscurity  yet  surrounding  our  knowledge  of  Ihc  functions  of  the 
pituitary.  It  is,  however,  fairly  well  established  Ihat  the  conditions  of 
gigantism  and  acromegaly  arc  dnc  1o  (  hanges  of  the  anterior  lobe  of  the 
pituitary.  If  the  disturbance  occurs  before  growth  is  completed  gigan- 
tism appears;  if  after,  acromegaly  results. 
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It  is  also  thought  that  the  condition  described  first  by  Frolich  (g'on- 
erall}'  termed  hypopituitarism)  is  caused  by  some  unknown  change,  prin- 
cipally in  the  posterior  lobe.  The  case  already  outlined  would  help  to 
support  such  hypothesis.  There  was  no  posterior  lobe  discovered  at 
autopsy,  and  the  remains  of  the  anterior  lobe  were  in  a  state  of  degenera- 
tion. The  central  symptoms  existing  from  his  earliest  remembrances, 
and  subsiding  after  rest  in  bed  for  a  few  days,  indicate  a  congenital 
origin  for  the  brain  findings.  It  is  probable  that  the  changes  usually 
associated  with  thyroid  and  adrenal  disturbances,  and  present  to  some 
extent  in  this  case,  may  be  attributed  primarily  to  the  pituitary. 

As  to  the  mental  underdevelopment,  it  is  difficult  even  to  ofl^er  con- 
jectures as  to  its  causation.  Only  the  fact  was  obvious  that  it  was  the 
mental  development  of  a  child  and  not  that  of  a  man  of  2(>  years. 

Thanks  are  due  Dr.  O.  C.  Gruiier,  director  of  the  i)athological  department  of 
the  Eoya]  Victoria  Hospital,  for  permission  to  publish  this  case,  as  well  as  to 
Drs.  C.  F.  Martin  and  John  McCrae  for  a  synopsis  of  the  clinical  notes. 

!)3  Union  Avenue. 
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A    CASE    OF   MYXEDEMA,   WITH    EECOYEEY,   AXD    SEVEN" 
YEAES'  AFTEE-CAEE    NOTES* 

EDWARD    N.    BRUSH.    M.D.,  axd     WILLIAM    BURGESS    CORNELL,    M.D. 

BALTIMORE 

Although  the  present-day  knowledge  of  myxedema  is  well  dissem- 
inated and  the  diagnosis  usually  easy,  the  comparative  rarity  of  the 
disease  contributes  to  delays  and  mistakes  in  recognizing  the  condition. 
The  present  case  is  a  striking  example  of  this,  as  the  following  letter 
from  the  patient  herself  will  show: 

"I  must  apologize  for  not  writing  for  so  long,  but  my  time  is  taken  up, 
it  seems  to  me,  and  I  hardly  know  how  I  spend  my  time.  It  has  been  a  year 
now  since  I  left  the  office  and  began  doctoring  and  I  do  not  see  that  I  am  one 
bit  better.  Have  been  to  two  specialists  for  my  nose,  throat  and  palate.  They 
both  said  the  palate  and  vocal  cords  were  partially  paralyzed.  My  tongue  is 
also  much  swollen,  which  hinders  my  talking  to  some  extent.     They  sent  me  to 

a   specialist  on  the  eyes,   and   he   sent   his   report  to   Dr.   .     They   had 

me  examined  by  some  kind  of  a  specialist  who  examined,  I  believe,  every  nerve 

and  organ   in  the  body.     He  reported  to  Dr.  while  I  was  there,   and 

I   heard  a  good  deal.     He  thought  it  was  Bright's   disease.     But  Dr.  

thought  not  as  he  had  been  keeping  his  examinations  up  so  carefully.  Then  the 
other  doctor  said  it  was  a  tumor  at  the  base  of  the  brain,  and  wondered  I  had 
never  had  the  headache  or  convulsions,  or  had  never  been  unconscious.  I  am 
still  a  bad  color,  I  still  swell  sometimes;  my  breath  is  dreadful.  Have  a  rash 
over  my  body  which  looks  like  warts.  I  feel  all  right  while  in  the  house,  but 
when  I  go  out  I  feel  very  tired,  especially  walking  up  hill.  I  am  still  getting 
stouter." 

The  letter  seemed  characteristic  enough  to  warrant  a  tentative  diag- 
nosis of  myxedema,  and  this  was  confirmed  on  her  admission  to  Shep- 
pard  and  Enoch  Pratt  Hospital,  March  22,  1905. 

Family  History. — The  family  history  showed  the  following:  The  father  died 
at  44  from  pulmonary  tuberculosis.  He  was  said  also  to  have  had  Bright's 
disease.     One  brother   had  had  tuberculosis. 

Personal  History. — Female,  single,  41  years  of  age.  Early  history  negative. 
She  obtained  a  collegiate  education  and  later  took  up  stenography,  acquiring 
considerable  proficiency.     Menstruation  normal. 

The  onset  of  the  disease  dates  back  five  years.  A  stiffness  of  the  hands  in 
using  the  typewriter  was  first  noticed.  Then  hoarseness  began  and  has  con- 
tinued throughout.  A  change  in  her  appearance  was  soon  noticed:  her  high 
color  was  replaced  by  a  greenish,  sallow  complexion.  Bodily  weight  steadily  increased 
while  her  strength  diminished.  Two  years  ago  she  had  several  severe  uterine 
hemorrhages  and  since  then  her  general  condition  has  been  much  worse.  IMen- 
strual  periods  occurred  six  to  eight  weeks  apart.  Sleep  much  disturbed  by 
obstructed  breathing  and  snoring.  For  the  past  year  and  a  half  has  been  con- 
stantly obstipated.     Even  in  miiNunimor  she  nuulo  constant  complaints  of  feeling 
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cold.  Conscious  perspiration  has  been  absent  for  the  same  period.  Mentally 
she  has  become  dull  and  inactive,  dislikes  to  make  the  slightest  effort,  and  will 
not  cross  the  floor  for  an  article,  no  matter  how  much  she  desires  it.  Depends 
on  others  entirely.  She  falls  asleep  easily  during  the  day  even  while  occupied 
with   some   diversion. 

Physical  Examination. — Height,  155  cm.;  weight,  dressed,  155.  Hair  coarse 
and  dry.  Skin  is  pale,  sallow,  has  a  transparent  quality,  and  is  every^vhere 
dry  and  scaly.     Subcutaneous  thickening  is  wide-spread,   most   noticeable  about 


Fig.  1. — Myxedema,  before  thyroid  administration;    weight,  155. 

the  clavicles,  on  abdomen  and  legs;  the  latter  pit  slightly  on  pressure.  Mucous 
membranes  are  pale  and  indicate  considerable  anemia.  Eyelids  are  somewhat 
edematous,  giving  a  flat  appearance  to  face.  Gums  and  uvula  swollen.  Laryngo- 
scopic  examination  negative.  Thyroid  gland  cannot  be  felt  and  is  evidently 
diminished  in  size.  Heart  shows  reduplication  of  first  sound.  Blood-pressure 
averaged   150   systolic,    115   diastolic. 

Neurologic  Examination. — Pupils  react  somewhat  sluggishly  to  light.  Fundi 
show  nothing  but  anemia.  Deep  tendon  reflexes  equal  and  slightly  exaggerated. 
Pharyngeal    diminished.      Cutaneous    sensation,    muscle    sense    and    stereognosis 


532 


THE     ARCHIVES     OF     JXTERXAL     MEDICINE 


apparently  unaffected.  Coordination  tests  show  some  clumsiness.  Muscle  strength 
generally  diminished.  Dynamometer,  right  11,  left  9.  Gait  negative  except  for 
weakness.  Stands  well  in  Romberg's  position.  Nictitation  frequent.  Voice  has 
a   liusky   and  guttural   quality. 

Mental  Examination. — Consciousness  and  orientation  intact.  Xo  evidence  of 
fallacious  sense  perception,  hallucinations  or  delusions.  Judgment  shows  no  gross 
disturbance  and  insight  is  sufficiently  adequate  so  that  she  is  cooperative.  Sub- 
jectively, patient's  sensations  present  languor,  inertia,  weakness,  somnolence, 
malaise  and  occasional  headache.  Objectively,  voluntary  attention  is  lapsing  and 
maintained    with    difficulty,    psychomotor    processes    are    slowed,    and    volition    is 


Fig.  2. — Myxedema    after  Iwi   iiioiitlis'   licatiiient :    weight,    128. 


markedly  impiiircd.  ainoiiiitiiig  t<)  a  liigh  grade  aboulia.  Association  tests  showed 
increased  reaction  tiini'.  Tljc  alVfcl  jncscntcd  apatJiy,  sluggishness  and 
indifference. 

Urine  examination  •)!)  Marcli  24  was  as  follows:  GIO  c.c.  for  twenty-four 
hours,  strongly  acid;  faint  trace  of  albumin;  total  urea,  0  grams. 

Blood  examination  March  22:  Red  blood-cells,  .3,370,000;  white  blood-cells, 
7.200;  hemoglobin,  45  per  cent.  DifH-rential  count  of  695  cells:  ])o]ymorplio- 
nuclears,  52.4  per  cent;  small  mononuclears,  24. S  ])er  cent.;  large  iii<)n<nmcl<'ars, 
1.5  per  cent.;  eosinophils,  19.7  per  cent.;  baso]jlii]s,  1  per  cent. 
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Treatment  and  Course. — On  March  26  patient  was  put  on  2  grains  of  desic- 
cated thyroid  gland  three  times  a  day.  This  was  increased  to  14  grains  daily, 
and  then  dropped  to  10,  which  was  the  dose  she  was  taking  on  her  discharge, 
May  20,   1905. 

The  following  blood  examinations  show  a  progressive  return  toward  normal: 

March  27.  April  10  April  30  May  19. 

R.    B.    C 3,170,000  4,136,000            4,800,000 

W.  B.  C 6,200  6,000  5,500 

Hemoglobin    55    %  55    %  75    % 

Polynuclears     57.4%  60.4%  63.7%  62    % 

Small   mononuclears    21    %  27.7%,  21.8%,  26    % 

Large  mononuclears    2.6%  3.4%  7.6%  6    % 

Eo.sinophils    16    %  6.8%  6.1%,  5    % 

Basophils     1.8%  1.5%  0.7%  0.8% 

Normoblasts    5  6  2  0 

Successive  urine  examinations  gave  the  following  results: 

March  25.     April  7.  April  26.  May  12.  May  16.  May  18. 
Twentv-four  hour 

amount,  c.c.   ...           690  570  660  510  960  1,000 

Sp.  G 1.015  1.015  1.015  1.018  1.014  1.015 

Urea,  total,  gm. .  .               6  ....  ....  ....  17.2  17.8 

Albumin     0  +  Tr.  Tr.  Tr.  Tr. 

Body  weight  progressively  declined  as  follows: 

April  1.  153:  April  8,  147;  April  15.  142;  April  22.  137;  April  29,  134; 
May  6,  132;  May  13,  130;  and  May  20.  128.  or  about  2  pounds  below  her  normfil. 

The  effect  of  the  thyroid  administration  in  the  circulation  was  noted  in  a 
gradually  developing  tachycardia  which  leaclied  a  maxininm  of  120  about  a 
week  after  inception  of  treatment,  and  then  kept  fairly  constantly  at  110  during 
the  balance  of  hospital  residence.  Blood-pressure  gi'adually  declined  fi'om  an 
average  systolic  of   150  to  115. 

Temperature  showed  a  slight  irregular  elevation;  the  liighest  point,  !)9.8,  was 
reached  about  nine  days  after  treatment  was  started. 

After  the  second  week  of  thyroid  administration  improvement  was  steady 
and  fairly  rapid.  Sleep  became  undisturbed;  the  snoring  and  respiratory  dis- 
tress disappeared,  physical  strength  gradually  returned,  although  on  discharge, 
she  still  complained  of  some  difficulty  in  ascending  steps.  Appetite  good.  Bowels 
moved  freely  without  cathartics  for  the  first  time  in  a  year  and  a  lialf.  The 
anomalies  in  attention,  volition  and  affect  gradually  were  replaced  by  normal 
reactions,  and  on  leaving  the  hospital  May  20,  the  patient  felt  entirely  well 
except  for  some  physical  weakness. 

Four  months  after  leaving  the  hospital  the  patient  resumed  her 
former  position  as  stenographer  and  has  kept  steadily  at  work  ever 
since.  For  several  years  she  took  the  thyroid  substance  without  inter- 
ruption, but  lately  has  skipped  for  two  or  three  days  and  then  resumed 
for  a  like  period.  In  the  seven  years  that  have  elapsed  she  has  not 
missed  a  day  at  the  office  on  account  of  illness,  and  feels  as  well  as  she 
ever  did  in  her  life.  Her  weight  has  not  varied  beyond  the  limits  of 
130-138. 

21   East  Moimt  Vernon  Place. 


"GIAXT-CELL     PXEUMOXIA" 

HOWARD     T.     KARSXER,     M.D.,     and     ALBERT     E.     MEYERS,     M.D. 

BOSTON 

EEVIEW  OF  LITERATURE 

An  attempt  has  been  made  recently  to  isolate  from  the  general  group 
of  lobular  pneumonias  a  form  in  which  the  histological  picture  shows  the 
presence  of  large  multinucleated  cells  in  the  alveoli,  not  tuberculous  in 
nature,  a  form  of  pneumonia  which  frequently  follows  acute  infectious 
diseases  of  childhood,  more  particularly  measles  and  pertussis.^  This 
giant-cell  formation  occurs  especially  in  association  with  desquamative 
bronchopneumonia,  a  condition  described  by  Buhl-  as  early  as  1856.  In 
1872^  he  described  in  addition  certain  multinucleated  cells  occurring  in 
the  same  condition,  but  his  description  is  not  so  complete  as  to  make 
certain  that  he  saw  identically  the  type  of  multinucleated  cell  under 
discussion.  In  1876,  however,  Friedlander*  gave  a  more  complete 
description  of  a  multinucleated  cell  appearing  in  the  pneumonic  processes 
whicli  he  produced  experimentally  by  cutting  the  recurrent  laryngeal 
nerves  and  these  cells  certainly  are  identical  with  those  described  by 
Hecht.  In  1889,  Kromayer^  made  a  complete  study  of  the  condition  and 
considered  it  characteristic  of  the  pneumonias  of  measles  and  pertussis. 
He  described  three  types  of  giant-cell:  (a)  a  large  multinucleated  cell 
with  large  vesicular  nuclei,  the  cell  being  a  fusion  product  of  desquamated 
degenerate  epithelium;  (b)  a  smaller  syncytium  with  long  spindle-shaped 
solid  nuclei,  probably  originating  from  nuclear  proliferation  of  the  flat 
cells  of  the  alveolus;  (c)  a  multinucleated  cell  in  masses  of  the  cuboidal 
cells  so  frequently  found  in  chronic  and  organizing  pneumonias  and 
considered  by  Fried  lander  to  be  attempts  at  regeneration.  Aufrecht" 
described  similar  cells  in  1894  and  considered  them  to  be  fusion  products. 


*  Sulnnitted   for   ])iil)]i(;ation    in    The   Arciuvks   IMareh   5,    1913. 

*  From   the  Department  of  I'atholooy,   Harvard   Medical    School. 
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Diirck"  studied  the  condition  very  carefully  and  considered  the  giant- 
cell  formation  to  occur  particularly  in  diphtheria,  insufflated  exudate 
acting  as  foreign  body.  He  considered  the  cells  to  be  partly  fusion 
products,  partly  the  result  of  nuclear  proliferation  without  cell  division. 
Steinhaus®  investigated  nine  cases  of  measles  pneumonia,  but  found  no 
giant-cells;  he  explained  this  by  saying  that  the  cases  were  of  too  short 
duration. 

Galdi"-^  made  a  detailed  study  of  desquamative  pneumonia,  and 
although  not  referring  to  giant-cells  directly,  probably  means  to  in  speak- 
ing of  colossally  large  desquamated  cells.  Hart^°  described  them  in  his 
first  paper  and  considers  their  formation  a  part  of  the  proliferative 
process  in  long-standing  pneumonias,  but  does  not  refer  to  them  in  a 
later  paper.  Friedrieh  Miiller'^  refers  to  the  giant-cells  in  Mehring's 
Lehrbuch,  but  apparently  only  echoes  the  studies  of  Diirck.  Hecht's^ 
studies  were  most  complete,  not  only  including  an  anatomical  study,  but 
also  making  several  experiments.  Before  that^  however,  other  workers 
had  produced  the  cells  experimentally,  notably  Friedlander  by  section  of 
the  recurrent  laryngeal  nerves,  Lahr^-  by  intratracheal  injection  of  staph- 
ylococci, Diirck"  by  insufflation  of  pneumococci  and  of  emery  powder; 
Hecht,  himself,  by  insufflation  of  sterile  pus,  of  weak  ammonia  water,  of 
weak  solution  of  silver  nitrate,  of  copper  sulphate  and  of  combinations  of 
bacteria  with  insoluble  irritants.  Bacteria  produced  a  pneumonia,  but 
not  giant-cells.  Hecht  states  that  he  failed  to  produce  a  pneumonia  by 
repeating  Lahr's  experiment,  that  is,  by  intratracheal  insufflation  of 
staphylococci.  More  recently  giant-cells  of  the  same  character  have  been 
produced  in  anaphylactic  pneumonia  as  described  by  Ishioka.^^  Eeports 
of  cases  of  long  standing  dust  inhalation  mention  identical  cells,  and  they 
occur  also  in  cases  of  inhalation  of  irritant  gases  such  as  the  fumes  of 
nitric  oxid.    Wood^*  has  reviewed  the  literature  of  these  conditions  very 
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comijletely  and  has  added  to  it  by  his  own  anatomical  and  experimental 
studies. 

The  origin  and  nature  of  the  cells  have  been  variously  interpreted, 
but  it  is  generally  conceded  that  they  must  originate  from  the  alveolar 
epithelium  and  that  they  are  either  products  of  fusion  of  more  or  less 
degenerate  cells,  or  are  the  result  of  nuclear  proliferation  without  cell 
division.  K'early  all  the  cases  reported  are  of  long  duration  and  the 
vast  majority  have  been  in  children  and  usually  following  some  acute 
infection,  although  a  few,  notably  those  of  Aufrecht,'"'  have  occurred  in 
patients  of  later  life  (iO  and  72  years).     This  also  is  true  of  the  cases 


Fig.  1. — Low  power  (10  iiini.)  showint;  inHamed  l)ionchiole  (A)  and  peri- 
bronchiolar granulation.  Tlie  surrounding  alveoli  arc  filled  with  exudate  and  at 
B  can  be  .seen  giant  cells. 

due  to  dust  or  gas  ii)halati()ii.  The  attendant  innatiiniatory  process  is 
described  sometimes  as  being  moderately  acute  with  infiltration  of 
lymphocytes,  polymorphonuclears  and  fibrin  formation;  sometimes  there 
is  found  only  a  moderate  small  round-cell  infiltration  into  the  alveoli, 
and  in  still  other  cases  the  process  is  entirely  a  chi-onic  and  organizing 
one.  Since  the  process  of  phagocytosis  has  been  known,  the  cells  have 
been  considered  to  have  phagocytic  powers  by  most  of  those  who  have 
considered  this  phenomenon  in  their  discussion. 
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CASE  REPORT 

History. — V.  A.,  white,  female,  IS  months  of  age.  was  admitted  to  the 
Children's  Hospital.  Boston,  Sept.  18.  1911,  service  of  Dr.  John  L.  Morse,  to  whom 
we  are  much  indebted  for  the  clinical  notes. 

The  famih'  history  and  previous  history  are  not  of  especial  interest  except 
that  the  child  was  fed  on  equal  parts  of  milk  and  water  throughout  its  infancy; 
it  gave  a  history  of  having  been  admitted  to  the  Massachusetts  General  Hospital, 
Aug.  19,  1911,  with  the  diagnosis  of  pneumonia.  There  is  no  history  of  any  of 
the  diseases  of  childhood.  It  apparently  recovered  from  the  pneumonia  and  on 
Sept.  13,  1911,  was  seized  with  an  attack  of  vomiting  followed  by  fever  and  cough. 
A  moderate  diarrhea  appeared,  with  yellow,  watery  stools  containing  a  small 
amount  of  mucus. 

Examination. — On  admission,  the  child  was  found  to  be  extremely  rhachitic 
and  showed  moderate  enlargement  of  lymph-nodes,  including  tonsils.  Examina- 
tion of  the  lungs  showed  dulness  of  entire  left  lung,  with  bronchial  breathing 
irregularly  distributed  throughout   and   rales  at  the  base;   the  right  upper  and 


M^tt 


Fig.  2. — High  power  (4  mm.)  showing  extensive  syncytial  mass  (A)  lying 
in  alveolus  with  bare  walls.  At  B  is  seen  a  mass  of  fibrin:  at  C  are  cells  of 
exudate  and  nuclear  fragnicnts  undergoing  inclusion. 


middle  lobes  dull,  with  difl'use  bronchial  breatliing,  but  no  rales.  The  chest  and 
abdomen  were  otherwise  normal.  Both  ear  drums  showed  scars  of  old  perfora- 
tions, but  no  discharge  appeared. 

The  temperature  varied  irregularly  between  99  F.  and  104  F. ;  respirations 
between  30  and  70  per  minute:   pulse  between  120  and  160  per  minute. 

Urine  on  admission  was  normal,  but  on  September  30  showed  trace  of  albumin 
and  hyaline  and  finely  granular  casts. 

Von  Pirquet  tuberculin  test  was  negative. 

Stools  on  October  1  were  green  and  mixed  with  mucus:  slight  excess  of 
neutral  fat  and  great  excess  of  fatty  acids;  no  excess  of  soaps  or  starches. 

First  leukocyte  count  September  19  showed  22,600  leukocytes  of  which  75  per 
cent,  were  polymorphonuclears.     October   1  there  were  14,000  leukocytes. 

Necropsy. — Patient  died  October  2.  and  the  autopsy  (HI  1-964)  was  performed 
by  Dr.  Albert  F.  Boretti  October  2.  eighteen  hours  post  mortem.  Exclusive  of 
the  lungs,  the  findings  are  as  follows:    heart,  normal;   liver,  cloudy  swelling  and 
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fatty  metamorphosis;  pancreas,  normal;  stomach  and  intestines,  normal;  spleen, 
acute  hyperplastic  splenitis;  adrenals,  normal;  kidneys,  well  marked  cloudy 
swelling;  lymph-nodes  of  mesentery,  acute  hyperplastic  lymphadenitis;  thymus, 
moderate  fibrosis. 

The  lungs  showed  grossly  considerable  fibrinous  exudation  over  the  pleura. 
The^-  were  consolidated  in  irregular  patches  in  left  lower,  lower  part  of  left 
upper  lobes,  right  lower,  right  middle  and  lower  parts  of  right  upper  lobes.  The 
cut  surface  was  moist  and  much  bloody  turbid  exudate  could  be  scraped  off  the 
surface.  The  reddish  gray  nodules  of  consolidation  averaged  1.5  cm.  in  diameter 
and  the  intervening  lung  substance  was  much  congested,  especially  in  the  depend- 
ent portions.  The  remaining  lung  substance  crepitated  and  was  moderately  con- 
gested. The  bronchi  and  bronchioles  showed  no  distention,  but  contained  a  large 
amount  of  viscid  mucopurulent  material. 

Microscopic  Examination. — Sixty-three  serial  sections.  4  microns  in  thickness, 
and  one  slide  from  another  block,  sections  stained  with  Mallory  connective  tissue 
stain.  VerhoefT  elastica  stain,  methylene-blue  and  eosin.  Ziehl-Nielsson  carbol- 
fuchsin  stain,  were  studied. 


Fig.  3. — High  power  (4  mm.)  showing  cell  masses  (A  and  B)  one  of  which 
(A)  resembles  an  ameba  in  form.  In  other  serial  sections  these  cells  were 
found  to  be  a  part  of  one  and  the  same  extensive  syncytial  mass. 

Histologically,  the  j)lpuia  was  covered  with  a  thin  layer  of  filninous  exudate 
under  which  was  found  a  zone  of  granulation  tissue  and  beneath  that  the 
denser  connective  tissue  of  the  pleura  proper.  The  exudate  in  the  alveoli  was 
found  to  occur  in  masses  irregular  in  outline  and  usually  surrounding  a  bron- 
chiole. The  intervening  lung  tissue  showed  only  a  slight  amount  of  exudate  and 
edema.  The  larger  blood-vessels  were  distended  and  filled  with  blood  and  there 
was  a  very  definite  perivascular  edema  of  the  connective  tissue.  Finer  examina- 
tion showed  that  the  bronchioles  were  filled  with  an  exudate  made  up  principally 
of  more  or  less  degenerate  leukocytes  together  with  desquamated  degenerate 
epithelium,  a  few  leukocytes,  nuclear  detritus  and  an  occasional  .small  mass  of 
fibrin.  The  attached  epithelium  showed  well  marked  cloudy  swelling  and  in 
numerous  places  multinucleated  cells  in  one  of  which  a  mitotic  figure  was  found. 
The  cells  correspond  to  the  cell  described  by  Friedliinder.''  About  many  of 
the  bronchioles  there  was  an  areola  of  newly  formed  connective  tissue  extremely 
rich  in  capillaries  and  in  associaton  with  this  many  of  the  bronchioles  showed 
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partial  or  complete  loss  of  their  epithelium.  No  fragmentation  of  the  elastica 
eoukl  be  determined.  The  alveoli  in  the  immediate  neighborhood  were  filled  with 
exudate  similar  to  that  in  the  bronchioles  except  that  in  a  few  alveoli  an 
extremely  rich  fibrin  content  was  found.  The  alveoli  between  the  peribronchial 
pneumonic  areas  contained  edematous  precipitate,  a  few  lymphocytes  and  much 
desquamated  epithelium. 

Scattered  throughout  the  field,  but  seen  particularly  near  the  margin  of  the 
pneumonic  masses,  and  also  near  the  pleura,  were  large  numbers  of  multi- 
nucleated cells.  They  occurred  only  in  the  alveolar  spaces  and  not  in  the  inter- 
stitial connective  tissue.  They  measured  from  60  to  80  microns  in  one  diameter 
to  100  to  170  microns  and  more  in  the  other  diameter.  They  were  irregularly 
outlined  and  presented  all  possible  configurations  from  that  of  a  crescent  or 
even  a  complete  circle  to  a  distinct  stellate  shape.  In  places  they  looked  like 
laige  amebas;  in  other  places  they  resembled  closely  the  Langhans  type  of  giant 
cell.  The  protoplasm  for  the  most  part  was  coarsely  granular  and  sometimes 
contained  small  empty  vacuoles.  The  nuclei  were  sometimes  large  and  vesicular 
with  normally  arranged  chromatin,  sometimes  vesicular  with  peripheral  clumping 
of  the  chromatin ;  sometimes  they  were  spherical,  sometimes  elliptical,  some- 
times spindle  shaped;  the  elliptical  and  spindle-shaped  nuclei  usually  were  small 
and  solid;  the  nuclei  were  arranged  without  any  regularity  whatever,  sometimes 
centrally,  sometimes  peripherally,  sometimes  diffusely  through  the  protoplasm. 
The  ])rotoplasm  also  contained  lymphocytes,  nuclear  detritus,  fragmented  erythro- 
cytes, polymorphonuclear  leukocytes,  and  strands  or  masses  of  fibrin.  Occa- 
sionally there  was  found  a  small  unstained  areola  about  a  polymorphonuclear 
leukocyte,  but  never  around  any  other  cell  or  piece  of  detritus.  Where  these 
multinucleated  cells  appeared  the  alveoli  showed  no  lining  epithelium.  For 
the  jnost  part  the  giant  cells  lay  free  in  the  alveoli,  but  frequently  a  small 
portion  was  found  attached  to  the  wall  or  even  continuous  with  a  layer  of 
attached  epithelium. 

Special  stains  for  tubercle  bacillus  and  Treponema  pallidum  were  negative. 
With  methylene-blue,  cocci,  sometimes  in  clumps,  sometimes  in  chains,  and  small 
diplobacilli  were  found.  Culturally,  Staphylococcus  pyogenes  aureus  was 
isolated. 

In  reconstructing  the  giant  cells  by  the  serial  wax  plate  method,  it  was 
found  that  what  appeared  to  be  a  number  of  giant  cells  in  a  given  slide  ultimately 
were  connected  and  formed  part  of  a  large  syncytial  mass  extending  through  a 
large  number  of  alveoli  and  infundibuli.  It  could  not  be  demonstrated  that  they 
were  continuous  with  the  bronchiolar  epithelium,  but  they  were  definitely  found 
to  be  a  part  of  the  alveolar  epithelium,  showing  attachments  to  the  alveolar 
wall  in  various  places.  When  they  lay  free  in  the  alveolar  space  there  was  no 
epithelium  between  them  and  the  alveolar  wall. 

SUMMAEY  OF  CASE 

In  reviewing  the  case  it  woiiJcl  appear  that  the  child,  without  history 
of  preceding  acute  infection,  had  suffered  with  pneumonia  for  seven 
weeks  with  a  more  or  less  complete  ^'emission  in  the  midst  of  this  period. 
Clinically,  no  unusual  features  were  observed,  nor  was  the  gross  morbid 
anatomy  of  the  case  out  of  the  ordinary.  Histologically,  the  two  unusual 
features  were  the  granulation  tissue  around  the  bronchioles  and  the 
giant-cell  formation  in  the  alveoli. 

DISCUSSION 

The  peribronchiolar  granulation  suggests  the  possibility  of  an  asso- 
ciated bronchiolitis  obliterans.     When  Lange^^  described  this  condition 


15.  Lange,  W.:  Ueber  eine  eigenthiimliche  Erkrankung  der  Kleinen  Bronchien 
und  Bronchiolen  (Bronchitis  and  Bronchiolitis  obliterans).  Deutsch.  Arch.  f. 
klin.  Med.,   1901,  Ixx,  342. 
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he  noted  the  fact  that  marked  alveolar  desquamation  accompanied  it  in 
many  cases.  Bronchiolitis  obliterans  in  its  earlier  stages  shows  this 
appearance,  but  usually  also  shows  fragmentation  of  the  elastica,  which 
our  case  did  not.  ISTor  was  there  in  our  case  any  evident  narrowing  or 
dilatation  of  the  bronchioles.  No  corresponding  stage  of  organization 
was  present  in  the  ])neumonic  exudate.  There  is  no  doubt  that  this  case 
shows  an  early  stage  of  bronchiolitis  obliterans.^*' 

The  study  of  tbe  giant-cells  shows,  first,  the  fact  that  there  is  close 
anatomic  connection  between  what  a  single  section  shows  as  a  number  of 
cells  and  the  mass  ramifying  tbrough  numerous  alveoli  and  infundibuli, 
but  not  into  bronchioles;  second,  that  there  is  obvious  continuity  of 
giant-cells  with  attached  and  desquamated  alveolar  epithelium:  third. 
that  the  fusion  of  the  epithelia  from  the  alveolar  wall  includes  in  the 
final  product  the  cells,  fibrin  and  detritus  of  the  intra-alveolar  exudate, 
a  stage  being  shown  in  Figure  2;  fourth,  that  tlie  elastica  is  entirely 
outside  the  giant-cells  and  thus  that  these  are  completely  intra-alveolar; 
fifth,  that  the  protoplasm  is  never  well  stained  and  obviously  is  degen- 
erate throughout. 

This  leaves  two  points  for  discussion,  the  histogenesis  of  the  cells 
and  the  question  of  their  vitality.  The  question  of  the  formation  of  the 
cells  is  as  to  whether  they  are  "conglutinative"  or  "proliferative" 
(Diirck').  In  the  study  of  nearly  seventy  sections  from  our  case,  only 
one  mitotic  figure  was  found  and  no  evidence  whatever  of  direct  nuclear 
division.  Thus,  although  it  cannot  be  said  with  certainty  that  nuclear 
proliferation  can  not  account  for  the  large  number  of  nuclei  in  the  cell,  it 
is  probable  that  the  vast  majority  are  present  as  the  result  of  fusion  of 
single  cells.  The  problem  of  the  living  activity  of  the  cell  must  resolve 
itself  into  that  of  the  most  notable  activity  that  can  be  seen  in  post 
mortem  specimens,  phagocytosis.  The  bodies  witliin  the  cells  have  been 
variously  interpreted  as  simple  inclusions  and  as  objects  engulfed  by 
phagocytosis.  In  tbe  reconstruction  of  the  cells  it  was  found  tliat  various 
stages  in  the  formation  of  the  giant  cells  indicated  that  tlie  epithelium 
fused  either  before  or  after  desquamation  and  formed,  perhaps,  first, 
crescent- shaped  figures  and,  in  certain  lines  of  section,  ring-like  masses 
surrounding  the  alveolus  mid  containing  in  the  middle  the  remnants  of 


IG.  Tn  this  connection  note  also  tlic  following  papers: 

Ribbert,  H.:    Virchows  Arch.   f.   path.    Anat..   1800.   cxlvi.    1(14. 

Herbip.  M.:  Ebenda.  1B94,  cxxxvi.  .''.11. 

FraenkeL    A.:    D^ntsch.    Arch.   f.    kliii.    Med.,    lilli-i.    jxxiii.    4S4 ;    Berl.    kliii. 

Wchn.schr..  1909.  xliv.  fi. 
Jochmann,  G.,  and  Moltrecht:    Beitr.  z.  path.  Anat.   n.   /..  allg.   Patli..   1904, 

xxxvi,  540. 
Wegelin.  C:   Ebenda.   190S.  xliii.  4.38. 
Edens:    Deutsch.  Arch.  f..  klin.  Med.,   1906,  Ixxxv,  598. 
Vogel,  K.:  Virchows  Arch.  f.  path.  Anat.,  1911,  ccvi  157. 
Wood,  F.  C:   See  footnote   13. 
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the  original  alveolar  exudate;  the  central  space  was  gradually  obliterated 
and  the  more  or  less  degenerate  exudate  was  within  the  protoplasm  of 
the  giant-cell.  It  was  noticed,  however,  that  around  the  bodies  of  some 
of  the  included  cells  a  small  areola,  suggestive  of  a  digestive  vacuole 
was  found,  but  further  examination  showed  that  tliis  phenomenon 
occurred  exclusively  around  polymorphonuclear  leukocytes.  If  this  were 
to  be  considered  a  function  of  the  giant-cell,  it  would  seem  reasonable  to 
expect  to  find  the  same  appearance  around  lymphocytes  and  erythrocytes 
as  well  as  around  leukocytes.  This  not  being  the  case,  it  seems  more 
likely  to  suppose  that  it  represents  the  activity  of  the  proteolytic  ferment 
of  the  leukocyte.  We  have  found,  then,  no  positive  evidence  of  pliago- 
cytic  activity  of  these  cells  and  no  positive  evidence  of  the  fact  that  they 
are  living  active  cells.  Kromayer  and  others  have  found  occasional 
mitotic  figures  and  evidences  of  direct  cell  division,  but  no  one  has 
brought  forward  indisputable  evidence  of  phagocytic  activity  on  the  part 
of  the  syncytial  masses. 

CONCLUSIONS 

1.  T]ie  case  studied  is  one  of  bronchopneumonia  of  the  desquamative 
type  and  is  associated  with  an  early  stage  of  bronchiolitis  obliterans. 

2.  ISTo  good  reason  has  been  given  for  assigning  to  the  so-called  "giant- 
cell  pneumonia"  the  dignity  of  classification  as  a  pathological  or  clinical 
entity. 

3.  The  giant-cell  formation  may  occur  following  a  wide  variety  of 
causes  and  is  not  characteristic  of  the  pneumonias  following  only  measles 
and  pertussis. 

4.  The  giant-cells  are  almost  entirely  the  product  of  fusion  of  alveolar 
epithelium  and  present  a  wide  variety  of  morphological  characters, 
depending  on  the  line  of  section. 

5.  There  is  no  positive  evidence  for  believing  that  these  cells  func- 
tionate as  phagocytes. 


THE  DETEEMINATION  OF  THE  DIASTOLIC   PEESSUEE  IN 
AOETIC    EEGUEGITATION  * 

ALBERT  E.   TAUSSIG,  M.D.   axd  JEROME  E.   COOK,  M.D. 

ST.     LOUIS 

The  determination  of  the  diastolic  arterial  pressure  is  second  in 
clinical  importance  only  to  that  of  the  systolic  pressure.  The  average  of 
the  two  approximates  the  mean  blood-pressure  and  their  difference  the 
pulse-pressure,  both  of  them  values  of  considerable  significance.  Under 
favorable  conditions,  some  notion  of  the  systolic  output  of  the  heart  can 
be  obtained  by  dividing  the  pulse-pressure  by  the  mean  pressure,  while 
the  product  of  pulse-pressure  by  jDulse-rate  often  gives  us  an  idea  of  the 
absolute  work  done  by  the  heart.  The  reason  why  the  determination  of 
the  diastolic  pressure  by  the  general  practitioner  has  been  comparatively 
neglected  seems  to  be  that  the  simpler  methods,  as  ordinarily  practiced, 
give  uncertain  results,  while  the  more  accurate  ones  require  a  rather 
bulky  apparatus. 

THE  VARIOUS  METHODS 

The  methods  for  estimating  the  diastolic  pressure  may  be  grouped 
into  four  classes,  the  palpatory,  the  visual,  the  graphic  and  the  ausculta- 
tory. All  of  them  depend  fundamentally  on  the  same  fact.  When  the 
pressure  in  the  cuff  is  higher  than  the  systolic  pressure,  no  blood  flows 
into  the  arm.  As  the  pressure  in  the  cuff  is  slowly  diminished  a  point  is 
reached,  at  which  the  blood  is  just  able  to  flow  through  the  constricted 
artery.  This  marks  the  systolic  pressure.  As  the  pressure  in  the  cuff 
continues  to  fall,  larger  and  larger  pulses  pass  down  the  artery  until  a 
point  is  reached  at  which  the  pressure  in  the  cuff  is  just  able  to  compress 
the  artery  during  diastole.  When  the  pressure  in  the  cuff  falls  still  lower, 
the  amplitude  of  the  pulsations  again  diminishes,  since  the  peripheral 
portion  of  the  arterial  tree  in  the  arm  is  now  not  quite  empty  during 
diastole.  This  fall  in  the  pulse  amplitude  marks  the  diastolic  pressure. 
With  the  palpatory  method,  the  observer  places  one  or  more  fingers  on 
the  radial  artery,  while  the  pressure  in  the  cuff'  is  allowed  to  fall.  The 
first  pulse  felt  at  the  wrist  marks  the  systolic  pressure,  while  the  point 
at  which  the  radial  pulse  first  shows  maximal  pulsations  marks  the  dias- 
tolic pressure.  Or,  better,  the  pressure  in  the  cuff  is  gradually  increased 
and  the  point  at  which  the  pulsations  are  maximal  and  about  which  they 
grow  smaller  is  taken  as  marking  the  diastolic  pressure.     This  method, 
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in  experienced  hands,  gives  fairly  good  results.  It,  however,  requires 
considerable  training  and  involves  a  good  deal  of  the  subjective  element. 
The  comparatively  unskilled  observer  obtains  entirely  untrustworthy 
results. 

The  visual  methods  involve  the  detection  of  the  point  of  maximal 
pulsation  by  the  eye.  The  excursions  of  the  top  of  the  mercury  in  the 
manometer  or  the  vibrations  of  the  needle  in  the  dial  manometer  may 
be  observed  as  the  pressure  falls,  or  the  amplitude  of  the  vibrations  of  a 
drop  of  alcohol  in  a  capillary  tube  or  of  a  pith-ball  in  a  larger  tube  may 
be  watched.  The  observation  of  the  vibration  of  the  column  of  mercury 
rarely  gives  satisfactory  results.  If  the  manometer  tube  is  narrow,  the 
vibrations  are  too  small  to  be  utilized;  if  wider,  the  portability  of  the 
instrument  suffers.  In  any  case,  the  accurate  gauging  of  the  point  of 
maximal  oscillation  is  a  matter  of  difficulty,  except  perhaps  in  pulses  of 
unusually  large  amplitude,  and  is  dependent  to  an  undue  degree  on  the 
personal  equation.  The  same  is  true  in  varying  degrees  of  the  other 
varieties  of  this  method.  Pal's  sphygmoscope  apparently  gives  the  best 
results,  but  the  apparatus  is  not  easily  portable,  and  observations  with  it 
are  very  tedious.  Ehret  has  stated  that  at  the  point  of  diastolic  pressure, 
and  at  that  point  only,  the  cubital  artery  can  be  seen  to  pulsate  violently, 
but  we  have  not  been  able,  even  after  many  trials,  to  confirm  this 
observation. 

Of  the  graphic  methods,  the  best  is  that  of  Erlanger.  A  tracing  is 
taken,  as  the  pressure  falls,  of  the  brachial  pulse  as  registered  by  the  cuff 
itself.  The  diastolic  pressure  is  marked  not  by  the  point  of  greatest 
oscillation  nor  by  the  point  at  which  the  oscillations  first  become  smaller, 
since  a  diminution  of  amplitude  often  occurs  above  the  diastolic  pressure. 
In  these  cases,  as  the  pressure  in  the  cuff  continues  to  fall,  a  further, 
sharper  diminution  of  am]ilitude  may  be  observed,  and  this  marks  the 
diastolic  pressure.  Sometimes,  however,  the  fall  in  amplitude  of  the 
oscillations  is  so  gradual  that  it  is  nearly  impossible  to  identify  this  point. 
Moreover,  this  m.ethod,  too,  requires  special  training  on  the  part  of  the 
observer,  since  he  must  watch  both  tracing  and  manometer  simultane- 
ously and  instantly  identify  the  point  at  which  the  pulse  tracing  shows  a 
sharp  fall  in  amplitude.  This  difficulty  may  to  a  degree  be  obviated  by 
using  a  marker  in  connection  with  the  tracing,  registering  each  10  mm. 
of  fall  and  later  noting  the  pressure  with  which  the  decrease  in  amplitude 
corresponds.  In  those  cases  in  which  the  fall  of  amplitude  is  not  sharp, 
the  difficulties  of  utilizing  the  apparatus  are  considerable. 

The  auscultatory  method,  on  the  other  hand,  is  nearly  free  from  these 
disadvantages.  It  was  first  introduced  by  Korotkow  in  1905  at  a  meet- 
ing of  the  Society  of  Military  Surgeons  in  St.  Petersburg.  The  pneu- 
matic cuff  is  placed  around  the  arm  in  the  usual  manner,  the  pressure  is 
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raised  above  the  systolic  level,  and,  as  the  pressure  slowly  falls,  the 
observer  auscultates  the  artery  at  the  bend  of  the  elbow  with  a  small 
stethoscope.  The  bell  of  the  stethoscope  sliould  rest  over  the  artery  with 
the  least  possible  pressure  and  should  be  close  to  the  lower  border  of  the 
cuflf.  With  the  first  pulse  that  passes  under  the  cuff,  a  sharp  systolic 
sound  is  heard.  As  the  pressure  continues  to  fall,  this  tapping  sound  is 
replaced  by  a  murmur;  the  latter  again  merges  into  a  sharp  sound,  which 
first  becomes  dull  and  then  ceases  altogether.  For  convenience  of  refer- 
ence, these  changes  of  tone  have  been  designated  as  phases,  the  first 
phase  beginning  with  the  first  appearance  of  a  sound,  the  second  with 
the  murmur,  the  third  with  the  reappearance  of  the  sharp  sound,  the 
fourth  with  the  dulling  of  the  sound,  and  the  fifth  with  the  cessation 
of  all  arterial  sound.  All  observers  agree  that  the  beginning  of  the  first 
phase  marks  the  systolic  pressure,  and  we  believe  this  is  in  most  cases  the 


Fig.  1. — Aortic  regurgitation  witli  .short  fourth  pliase.  On  auscultation,  with 
tailing  pressure  in  the  cuff,  the  first  phase  begins  at  132  mm.  Hg.  the  second  at 
122  mm.,  the  third  at  114  mm.,  the  fourth  at  68  mm.,  the  fifth  at  34  mm.  The 
upper  tracing  was  taken  with  the  Erlanger  apparatus,  the  pressure  in  the  cuff 
being  made  to  fall  2  mm.  between  each  set  of  pulse-Avaves.  The  lower  tracing 
was  made  with  the  same  apjjaratus,  the  pressure  in  the  cuff  being  allowed  to 
fall  continuously.  The  figures  represent  mm.  Hg  of  pressure  in  the  cuff.  It  is 
obvious  that  the  diastolic  pressure,  as  recorded  by  the  Erlanger  apparatus,  corre- 
sponds accurately  with  the  beginning  of  tiic  fourtli  ])hase. 


most  accurate  way  of  determining  this  ])i-('ssuro.  It  is  as  nnu-li  su])oiior 
to  the  palpation  of  the  radial  as  the  sense  of  hearing  is  keener  than  the 
sense  of  touch.  Students  and  all  without  a  highly  developed  tactus 
eruditus  nearly  always  obtain  higher  values  with  the  auscultatory  than 
with  the  palpatory  method,  and  the  more  expertly  the  latter  is  done,  the 
more  nearly  its  results  approach  those  of  the  auscultatory  method.  The 
exception  to  this  rule  is  formed  by  individuals  with  small  cubital  arteries, 
in  whom  the  Korotkow  sounds  are  very  feeble.  In  these  cases  the  pal- 
patory method  is  sometimes  preferable. 
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THE    PHASE   MAEKING   DIASTOLIC    PRESSURE 

The  phase  that  marks  the  diastolic  pressure  has  given  rise  to  marked 
divergence  of  opinion,  and  it  may  he  this  uncertainty  that  is  responsible 
for  the  comparative  neglect  of  this  method.  Korotkow  took  the  begin- 
ning of  the  fifth  phase,  at  which  all  sounds  disappear,  to  mark  the  dias- 
tolic pressure,  and  in  this  he  has  been  followed  by  the  great  majority  of 
writers.  Am.ong  these  may  be  mentioned,  Krylow,  Janowski,  Ettinger, 
Fellner,  J.  Fischer,  Ehret,  Schrumpf  and  Zabel,  Moritz,  van  Westenrijk, 
Gettings,  and,  according  to  Hirschf elder,  Miss  Allen  and  Mr.  Engle, 
working  in  the  Johns  Hopkins  Hospital.  Hirschfelder  himself,  in  his 
text-book  follows  Staehelin  in  taking  the  point  at  which  the  sound  is 
loudest,  as  the  diastolic  pressure,  an  opinion  which  has  not  found  many 
adherents.  Lang  and  Manswetowa,  in  1908,  compared  the  auscultatory 
method  with  the  apparatus  of  von  Eecklinghausen  and  found  uniformly 
that  the  diastolic  pressure  was  marked  by  the  point  at  which  the  second 
clear  sound  took  on  a  dull  character.  Hoover,  Warfield  and  Dehio  came 
to  the  same  conclusion,  the  first  by  comparing  the  auscultatory  metliod 
with  the  mercury  manometer,  the  second  with  the  sphygmograph  and  the 
third  with  the  Erlanger  apparatus.  Warfield  has  confirmed  his  clinical 
observation  by  means  of  animal  experiment. 

authors'  technic 

During  the  past  six  months,  we  have  compared  the  Korotkow  metliod 
with  the  results  obtained  by  Erlanger's  apparatus  in  a  large  number  of 
cases  and  feel  quite  certain  that  it  is  the  beginning  of  the  fourth  and 
not  of  the  fifth  phase  that  marks  the  diastolic  pressure.  At  first  we 
listened  over  the  artery  while  making  our  Erlanger  determinations. 
Later,  fearing  that  the  influence  of  suggestion  might  be  leading  us  astray, 
we  first  made  our  auscultatory  determinations,  usually  each  of  us  inde- 
pendently, recorded  them,  and  then  took  our  Erlanger  tracings.  In  order 
to  obtain  the  greatest  possible  accuracy  in  the  latter,  we  took  the  brachial 
pulse  tracings  by  means  of  the  interrupted  method,  allowing  the  pressure 
in  the  cufE  to  fall  2  mm.  Hg  between  each  set  of  tracings  and  calling  the 
first  sudden  fall  in  amplitude  the  diastolic  pressure.  In  nearly  all  cases, 
the  two  methods  coincided  accurately.  Where  they  differed,  it  was  only 
by  2,  rarely  4  mm.,  a  difference  well  within  the  error  of  observation. 
Even  these  differences  usually  occurred  only  in  those  eases  in  which  the 
interpretation  of  the  Erlanger  tracings  was  difficult. 

The  theoretic  explanation  of  the  fourth  phase,  as  marking  the  dias- 
tolic pressure,  is  not  far  to  seek.  As  the  pressure  in  the  cuff'  falls  to  the 
systolic  pressure,  the  first  pulses  pass  through.  They  find  the  artery 
below^  the  cuff  empty,  and,  distending  it  suddenly,  produce  a  sharp 
sound.     As  the  pressure  in  the  cuff  continues  to  fall,  a  point  will  be 
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reached  at  which  enough  blood  passes  through  to  form  whirls  in  the 
arterial  stream,  thus  producing  a  murmur,  which  is  usually  loud  enough 
to  conceal  the  sharp  sound.  This  phenomenon  may  be  produced  in  any 
accessible  artery  by  compressing  it  with  the  bell  of  the  stethoscope. 
When  tlie  falling  pressure  reaches  a  point  at  whicli  whirls  are  no  longer 
produced  in  the  blood-stream,  the  clear,  tapping  sound  reappears.  The 
artery  beyond  the  cuff  is  still  empty  during  diastole,  and  its  sudden 
expansion  by  the  spurt  of  blood  that  passes  beneath  the  cuff  at  systole 
causes  the  clear,  sharp  note.  As  soon  as  the  diastolic  pressure  is  reached, 
however,  a  steady  stream  of  blood  begins  to  flow  beneath  the  cuff,  even 
between  pulsations,  and  acting  as  a  buffer,  muffles  the  sound.  The  dull 
note,  so  produced,  continues  for  a  while  until  the  sound  is  completely 
extinguished  by  the  constantly  increasing  column  of  blood  in  the  artery 
beyond  the  cuff.  The  correctness  of  this  hypothesis  is  confirmed  by  the 
fact  that  if  the  observations  are  continued  for  an  undue  length  of  time, 
without  releasing  the  pressure  in  the  cuff,  all  of  the  sounds  become 
muffled.  What  has  happened  is  this.  The  blood  that  passes  under  the 
cuff,  at  first  finds  a  resting  place  in  the  veins  of  the  arm,  beyond  the  cuff. 
After  these  have  become  fully  distended,  the  blood  must  begin  to  accum- 
ulate in  the  arteries  and  a  condition  results  similar  to  that  occurring 
during  the  fourth  phase. 

AKTEEIAL  SOUXD  IX  AORTIC  EEGUEGITATIOX 

Having  thus  confirmed  the  observations  of  Lang  and  Manswetowa 
and  of  Warfield,  our  attention  was  drawn  to  the  conditions  obtaining  in 
aortic  regurgitation.  In  this  affection,  the  diastolic  pressure  is  very  low 
and  the  pulse-pressure  abnormally  high,  producing  a  condition  in  the 
arteries  similar  to  that  obtaining  in  the  brachial  artery  just  beyond  the 
cuff,  when  the  pressure  in  the  latter  has  fallen  a  little  below  the  diastolic 
pressure.  The  result,  in  many  cases,  but  not  in  all,  is  that  a  sound  can 
be  heard,  on  listening  over  any  accessible  artery,  similar  to  that  heard 
at  the  fourth  phase,  with  Korotkow's  method.  That  this  is  the  dull  note 
of  the  fourth  phase  and  not  the  sharp  note  of  the  third  can  be  shown  by 
placing  the  bell  of  the  stethoscope  over  the  artery  in  the  bend  of  the 
elbow  while  the  pressure  in  the  cuff  is  rapidly  raised.  Afa  certain  point, 
which  by  the  way  marks  the  diastolic  pressure,  the  dull  note,  heard  from 
the  very  beginning,  is  suddenly  replaced  by  a  sharper  and  louder  one. 
The  great  majority  of  the  observers  who  have  written  on  the  auscultatory 
"method,  have  taken  pains  to  remark  that  the  method  is  inapplicable  to 
aortic  regurgitation  because  of  the  persistence  of  the  arterial  sound.  It 
was  this  statement  that  our  investigation  was  intended  to  test.  We  have, 
so  far,  been  able  to  compare  the  determination  of  the  diastolic  pressure 
by  means  of  Erlanger's  apparatus  with  the  results  obtained  by  the 
auscultatory  method  in  eighteen  cases  of  aortic  regurgitation.     In  most 
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of  them  a  large  iiinnber  of  comparative  determinations  were  made,  often 
nearly  dail}'  for  a  considerable  period  of  time.  Our  results  uniformly- 
showed  that  the  diastolic  pressure  here  as  in  other  cases  coincides  exactly 
with  the  beginning  of  the  fourth  phase  and  that  the  method  of  Korotkow 
will  uniformly  measure  the  diastolic  pressure  in  aortic  regurgitation 
quite  as  sharply  and  accurately  as  in  any  other  condition. 

An  interesting  question  involves  the  persistence  of  the  fourth  phase 
in  this  disease;  that  is,  the  presence  of  a  pulse-sound  in  the  artery  even 
when  there  is  no  pressure  in  the  cuff.  A  number  of  writers  consider  this 
phenomenon  pathognomonic  of  aortic  regurgitation.  This  is  clearly  an 
error.  It  was  constantly  present  in  only  eight  out  of  our  eighteen  cases 
and  occasionally  in  two  others.  In  the  other  cases,  the  duration  of  the 
fourth  phase  varied  from  6  to  SS  mm.,  tlie  average  being  32  mm.  In 
these  cases,  the  average  pressure  at  which  the  fourth  phase  ceased  was 
33  mm.  Moreover,  we  have  seen  three  cases,  one  a  bronchopneumonia 
and  two  exophthalmic  goiters,  in  which  the  pulse  sound  persisted  down 
to  zero  pressure.  In  both,  the  pulse-pressure  was  high  and  the  diastolic 
pressure  low. 

IXFLUEXCE   OF  EESPIRATIOX   OX   PRESSURES 

Any  attempt  accurately  to  measure  the  blood-pressure  must  take  into 
account  the  influence  exerted  on  the  latter  by  the  respiratory  movements. 
It  has  long  been  known  that  inspiration  is  accompanied  by  a  fall  in  blood- 
pressure  and  expiration  by  a  rise.  The  two  do  not  coincide  exactly,  how- 
ever, the  pressure  continuing  to  rise  for  a  beat  or  two  after  the  begin- 
ning of  inspiration  and  to  fall  a  beat  or  two  after  the  beginning  of  expira- 
tion. The  same  phenomenon  occurs  in  man  and  can  be  observed  in  any 
Erlanger  tracing.  As  the  pressure  in  tlie  cuff  approaches  the  dia.stolic, 
fluctuations  in  the  amplitude  of  tlie  recorded  pulse-waves  can  be  seen 
that  are  synchronous  with  res])ii'ation.  With  quiet  breathing,  the  fluctu- 
ations in  pressure  are  slight,  rarely  exceeding  a  few  millimeters.  In 
cases  of  dyspnea,  however,  and  especially  in  Cheyne-Stokes  respiration, 
they  may  be  so  great  (12  mm.  or  more)  as  entirely  to  vitiate  the  results 
obtained  with  the  Erlanger  apparatus.  In  addition  to  tln'  fluctuation  of 
;iiiii)Iitude  due  to  the  deep  respiration,  there  is,  in  Cheyne-Stokes  breath- 
ing, due  to  heart  disease,  a  steady  increase  in  the  amplitude  of  the  pulsa- 
tions during  the  period  of  apnea.  In  such  cases,  then,  the  diastolic 
pressure  obtained  with  the  Erlanger  apparatus  will  vary  considerably 
according  as  this  point  is  reached  during  ins])ira1ion  or  expiration  or' 
during  the  beginning  or  the  end  of  ;i|iiic;i.  Tlic  ,-aiiic  will  be  true  of  the 
systolic  pressure.  The  results  obtained  will  lie  liu'gely  a  matter  of  chance. 
"With  the  auscultatory  method,  on  the  other  hand,  no  such  difficulties  can 
arise.  It  is  an  easy  matter  to  determine  the  maximum  and  minimum 
limits  of  pressure  at  wliieh   tlie  first  sound  appenis  and   the  niaxinniin 
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and  minimum  limits  at  which  the  second  sound  becomes  dull.  'Die 
limits  between  which  the  systolic  and  diastolic  pressures  vary  can  thus 
readily  be  made  out. 

Eecently  there  has  come  under  our  observation  a  condition  in  which 
the  auscultatory  method  was  the  only  one  giving  even  approximately 
accurate  results.  The  case  was  one  of  Addison's  disease  in  which  the 
pulse-pressure  was  so  small  that  the  excursions  with  the  Erlanger 
a])paratus  were  scarcely  large  enough  to  be  recorded.  With  the  ausculta- 
toi-y  method  the  sounds,  though  feeble,  were  distinct  and  the  dulling  of 
the  sound  clearly  marked. 

CONCLUSIONS 

Our  conclusions  thus  are : 

1.  With  the  auscultatory  method  the  beginning  of  the  fourth  phase, 
that  is,  the  dulling  of  the  arterial  sound,  marks  the  diastolic  pressure. 

2.  Since  this  point  can  readily  be  made  out  in  aortic  regurgitation, 
the  auscultatory  method  is  as  applicable  to  this  condition  as  to  any  other. 

3.  The  persistent  arterial  sound  is  not  pathognomonic  of  aortic  regur- 
gitation, being  often  absent  in  this  disease  and  occasionally  present  in 
other  conditions. 

4.  In  cases  with  very  low  pulse-pressure,  in  those  with  marked  d'^'sp- 
uea  and  in  Cheyne-Stokes  breathing,  the  auscultatory  method  is  espe- 
cially valuable,  being  often  distinctly  superior  to  the  graphic  method. 

Table  Showixg  Pressures  Durixg  Phases  I,  IV  and  V  of  Ai'thors'  Cases 

Phase                     I               IV             V         Pliase 
J.    H 128  72  (iO    L.  .7 


I 

IV 

V 

132 

fi5 

54 

154 

00 

0 

190 

82 

0 

170 

90 

84 

112 

48 

42 

144 

70 

55 

182 

02 

0 

W.   H 1.50  45  0  J.  V 

B 1.30  58  0  V 

K 130  104  88  S.    A 

H.  E 147  54  0  J.   R 

L.  D 110  77  02  R.   G 

R.  X L54  00  58  C.   C 

H.  S 178  52  (T  R.   M 190            137                 ? 

W.  B 145  70  50  H.   W 150              75                0 

Tlie  above  table  shows  Phases  I,  IV  and  V  of  our  eighteen  cases.  A  numl)er 
of  observations  were  taken  on  most  of  the  cases.  An  average  reading  is  given. 
The  daily  A-ariations  in  a  given  case  were  seldom  great. 

In  conclusion,  we  desire  to  express  our  thanks  to  Prof.  George  Dock,  in  whose 
wards  at  the  Washington  University  Hospital  most  of  the  above  work  was  done. 

referencp:s 

Ueliio,  K.:  Untersuchungen  zur  auskultatorischen  Metliode  der  Blutdrucks- 
bestimmiuig  am  lebenden  Menschen  Nova  Acta.  Abh.  der  Kais.  Leop. -Carol. 
Deutsch.  Akad.  der  Naturf..  xcvii.  No.   11. 

Eliret:  Ueber  Blutdruck  und  dessen  auskultatorisclie  Bestimmungsmethode. 
JMiinchen.  med  Wchnschr.,  1909.  Ivi,  959. 

Ettinger,  W. :  Auskultatorisclie  ^lethode  der  Blutdruckbestimmung  iind  ilir 
praktischer  Wert.     Wien.  klin.  Wchenschr.,  1907,  xx,  Ko.  33,  p.  992. 


550  THE     ARCHIVES     OF     nTERXAL     MEDICINE 

Fellner.  B.:  Xeuennig  ziir  ^Messung  ties  systolisclien  und  diastolischen 
Dnickes.     Verhandl.  d  24  Kongr.  f.  inn.  Med..  1907.  xxiv.  404. 

Fischer.  J. :  Die  auskultatorische  Blutdruckniessung  im  Vergleich  niit  der 
Oszillatorisclien  von  Heinrich  von  Recklinghausen  und  ihre  durch  die  Phasen- 
bestimmung  bedingte  \Yertlie.  Ztschr.  f.  diaetet.  u.  pliysik.  Therap.,  1909,  xii, 
389. 

Gittings,  J.  C. :  Auscultatory  Blood-Pressure  Determinations.  The  Archives 
Int.  Med.,  1910,  vi,  196. 

Goodman.  E.  and  Howell,  A.:  The  Auscultatory  Blood-Pressure  Phenomenon. 
Am.  Jour.  Med.  Sc,  1911,  cxlii,  334. 

Hoover,  C:  A  Criticism  of  the  Blood-Pressure  Apparatus.  Jour.  Am.  Med. 
Assn.,  1910,  Iv,  815. 

Korotkoff,  X.:     Vrach.  Gaz.  19U(i,  p.  128. 

Lang,  G.  and  Manswetowa,  S.:  Zur  Methodik  der  Blutdruckmessung  nach 
V.  Kecklinghausen  and  Korotkoff.     Deutseh.  Arch.  f.  klin.  Med.,  1908,  xciv,  441. 

Moritz,  F. :  Was  erfahren  wir  durch  unsere  klinischen  Blutdruckmessungen 
beim  Menschen?     Miinchen.  med.  Wchnschr.,  1909,  Ivi,  321. 

Schrumpf.  and  Zabel,  B.:  Ueber  die  auskultatorische  Blutdruckmessung. 
Miinchen.  med.  Wchnschr.,  1909,  Ivi,  704. 

Staehelin :  Zur  Korotkowschen  Methode  der  Blutdruckmessung.  Verhandl. 
d.  26  Kongr.  f.  inn.  Med.,  1909,  xxvi,  429. 

Warfield,  L. :  Studies  in  Auscultatory  Blood-Pressure  Phenomena.  The 
Archives  Ixt.  Med.,  1912.  x.  258. 

Wartield,  L. :  The  Auscultatory  Blood-Pressure  Phenomena.  Interstate  Med. 
Jour.,  1912,  xix,  856. 

Van  Westenrijk,  N. :  Ueber  die  Beziehungen  der  Ton-Methode  der  Bestim- 
mung  des  Maximal-  und  Minimal-Blutdrucks  zu  den  uebrigen  Methoden  und 
ueber  die  Bedeutung  dieser  Groessen.     Ztschr.  f.  klin.  Med.,  1908,  Ixvi,  465. 

Zabel,  B. :  Was  lehrt  inis  der  Vergleich  der  niit  verschiedenen  ]\Iethoden 
gewonnenen  diastolischen  Bhitdruekwerte  ?  Bei-1.  klin.  Wchnschr.,  1909,  xlvi,  1352. 
1352. 


A    CLINICAL    INVESTIGATION    OF    THE    CAEBONIC    ACID 
IN    THE    ALVEOLAE    AIE  * 

E.    G.    GREY,    M.D.,    and    A.  D.    HIRSCHFELDER,    M.D., 

BOSTON  BALTIMORE 

The  experiments  of  Mosso,  Haldane  and  liis  collaborators,  and  of 
Yandell  Henderson  have  shown  that  the  maintenance  of  a  definite 
percentage  of  carbon  dioxid  in  the  alveolar  air  of  the  lungs  and  in  the 
blood  is  of  prime  importance  to  the  organism  and  is  maintained  by  a 
definite  physiological  regulation.  They  have  also  shown  that  over- 
ventilation  of  the  lungs  by  hyperpnea,  wdiich  reduces  the  concentration 
of  the  CO.  in  the  alveolar  air  below  normal,  gives  rise  to  a  feeling  of 
weakness  and  giddiness  exactly  like  that  of  mountain  sickness,  and  when 
pushed  to  extremes,  also  to  periodic  breathing  of  the  Cheyne-Stokes  t}^e. 

Yandell  Henderson  has  produced  a  good  deal  of  evidence  to  indicate 
that  the  clinical  manifestations  of  surgical  shock  may  be  brought  about 
by  a  condition  of  acapnia;  and  Forges,  Leimdorfer  and  Marcovici  have 
found  acapnia  present  in  cases  of  acidosis  and  in  certain  cases  of  cardiac 
dyspnea. 

As  the  subject  seemed  to  warrant  further  investigation  from  the 
clinical  side,  the  following  observations  were  made. 

We  take  great  pleasure  in  expressing  our  thanks  to  Drs.  Barker,  Thayer, 
Halsted  and  Williams  for  the  privilege  of  investigating  cases  in  their  respective 
services  in  the  Johns  Hopkins  Hospital,  as  well  as  to  the  members  of  the  house 
staff  for  their  hearty  cooperation. 

In  carrying  on  a  series  of  investigations,  along  with  other  routine 
duties  met  with  in  the  wards  of  a  large  general  hospital,  the  first 
essential  was  the  possession  of  a  portable  form  of  apparatus.  The 
appartus  to  be  described  below,  which  possessed  all  the  essentials  of  a 
complete  Haldane  outfit,  but  which  was  not  much  larger  than  the  case 
of  a  microscope  and  could  be  easily  and  rapidly  transported  to  different 
parts  of  the  hospital,  was  therefore  constructed. 

EXPERIMENTAL    APPARATUS    AND    TECHNIC 

The  apparatus  consisted  essentially  of  the  Haldane  long  rubber  tube  and 
gas  buret  for  collecting  samples  of  air,  connected  with  a  Hempel  absorption 
bulb  containing  a  solution  of  one  part  by  weight  of  potassium  hydroxid  in  tAvo 
parts  of  water. 


*  From    the    Physiologic   Laboratory    of    the   Medical    Clinic,    Johns    Hopkins 
University,  and  the  INIedical  Service  of  the  Johns  Hopkins  Hospital. 

*  Read  at  the  meeting  of  the  American  Physiological  Society,  Cleveland.  Oliio, 
Dec.  31.  1912. 

*  Manuscript  submitted  for  publication  in  The  Archives  March  8,  191.3. 
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The  patient  took  between  his  lips  a  mouth-piece  made  of  a  slightly  flattened 
piece  of  glass  tubing  1.5  cm.  in  diameter,  which  was  connected  by  a  thin-walled 
tube  of  pure  gum  rubber  with  a  brass  tube  4  cm.  long  from  the  side  of  which 
a  T-tube  O.C  cm.  in  diameter  passed  through  a  hole  in  the  box  lid  to  connect 
with  the  gas  buret  on  the  inside  of  the  box.  The  further  end  of  the  wide  brass 
tube  was  connected  with  a  rubber  tube  of  corresponding  width  210  cm.  long 
which  was  coiled  up  like  a  trumpet  and  firmly  wired  in  place  on  the  outside 
of  the  lid.  A  curved  Ochsner  clamp  inserted  through  a  screw-eye  just  above 
the  soft  rubber  tube  enables  the  operator  to  clamp  ofif  the  latter  quickly  at 
the  end  of  the  subject's  expiration,  in  order  that  the  air  in  the  long  tube  may 
be  analyzed  at  leisure.  The  capacity  of  this  tube  was  370  c.c.  and  since  the 
mean  volume  of  residual  air  is  about  150  c.c.  it  can  be  assumed  that  at  the 
end  of  a  forced  expiration  the  proximal  jjortion  of  this  tube  contained  almost 
pure   alveolar  air. 


Fig.  1. — I'ortable  apparatus  for  the  determination  of  carbon  dioxid  in  the 
alveolar  air.  A.  Inner  aspect  of  the  lid  and  box,  showing  the  three-way  cock, 
the  gas  buret  and  water-jacket,  the  mercury  vessel  resting  in  the  stirrup  and 
the  liandle  for  lifting  the  lid.  Within  the  bo.x  is  shown  the  Hempel  absorption 
bulb  (KOH)  and  its  connections.  B.  External  aspect  of  lid,  showing  the  Ochsner 
clamp,  the  mouth-piece,  the  coiled  rubber  tulie  and  the  second  liandle  iov 
lifting  the  lid. 


The  gas  l)uret  in  wiiich  tlie  expired  air  was  collected  was  :^pecially  constructed 
for  the  purpose  and  consisted  of  an  unmarked  bulb  of  about  75  c.c.  (75.7  c.c.) 
capacity  above  which  there  was  fused  a  3- way  cock  whose  tubes  connected  on 
the  one  hand  with  the  T-branch  of  the  collecting  tulx;  and  on  the  other  by 
means  of  small  bore  (1  ram.)  barometer  tubing  with  the  Hempel  absorption 
bulbs.  On  the  lower  end  of  the  Inilli  tube  there  was  fused  a  small  tulje  of 
10  to  15  c.c.  capacity  graduated  in  0.1  c.c'  The  bulb  and  the  buret  are 
inclosed  in  a  water-jacket  6  cm.  in  diameter  to  keep  the  air  within  at  exactly 
room  temperature.  The  lower  end  of  the  gas  buret  is  connected  by  a  heavy 
rubber  tube  with  a  glass  vessel  of  about  100  c.c.  capacity,  preferably  the  Imlli  of  a 


1.  In  the  first  experiments  a  bulli  of  .35.7  c.c.  capacity  was  used  witlmut  tl:o 
water-jacket,  and  the  connections  between  the  parts  were  made  with  rubl>cr 
tubing.  The  results  obtained  with  this  small  instrument  ilid  not  (Jitlcr  mafc- 
riallv  from  those  obtained  with  the  larger  water-cooled  bulb. 
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100  c.c.  pipet  which  can  be  left  to  rest  on  a  padded  stirrup  of  metal  placed  on 
the  door  of  the  box  a  little  below  the  level  of  the  buret  and  a  few  inches  to  the 
left  of  the  latter.  The  air  is  drawn  into  the  buret  by  lowering  this  mercury 
vessel,  or  more  conveniently  by  having  it  rest  in  the  stirrup  when  the  3-way  cock 
is  opened.  When  the  latter  is  closed  the  exact  volume  at  atmospheric  pressure 
is  ascertained  by  raising  or  lowering  this  vessel  until  the  top  ol  the  mercury 
menisci  in  both  vessels  are  at  exactly  the  same  level.  The  leveling  is  somewhat 
facilitated  by  fixing  a  small  mirror  on  the  door  behind  the  buret  and  raising 
and  lowering  the  mercury  vessel  until  the  two  menisci  and  their  images  are  seen 
at  the  same  level  (Fig.  1).  In  order  that  the  air  within  the  bulb  should 
remain  saturated  with  moisture,  0.5  c.c.  of  water  slightly  acidulated  with  dilute 
acetic  acid  is  left  floating  above  the  mercury  and  the  volume  of  the  air  is  read 
from  the  lower  edge  of  this  water  meniscus  rather  than  from  the  upper  edge 
of  the  mercury  meniscus.  A  stock  bottle  of  this  acidulated  water  is  kept  on 
hand  and  is  colored  pink  by  the  addition  of  dimethylaminoazobenzol  in  order  to 
show  always  that  no  potassium  hydroxid  has  been  carried  back  into  the  bulb. 
After  the  volume  of  expired  air  has  been  measured,  the  CO,  content  may  be 
determined  by  connecting  the  free  arm  of  the  3-way  tube  with  the  Hempel 
absorption  bulbs,  preferably  by  means  of  an  intermediary  arm  of  fine-bored  glass 
tubing  (barometer  tubing)  with  short  rubber  connections.  The  3-way  cock  is 
then  turned  to  open  into  this  arm  and  the  air  forced  completely  out  of  buret 
and  bulb  and  into  the  Hempel  bulb  by  raising  the  mercury  vessel.  When  all  of 
the  air  has  been  forced  out  of  the  bulb,  the  stop-cock  is  again  turned  off  full 
so  that  no  air  can  return  and  the  mercury  vessel  returned  to  the  stirrup.  The 
expired  air  is  left  in  the  absorbing  bulb  for  one  minute  which  is  sufficient  to 
absorb  the  CO2  and  then  the  stopcock  is  turned  back  and  the  air  drawn  back 
again  into  the  bulb  and  buret  until  the  KOH  returns  to  its  former  level  in  the 
arm  of  the  Hempel  tube.  The  stop-cock  is  once  more  turned  off,  the  mercury 
leveled  again,  and  the  buret  read.  The  difference  between  the  two  readings 
represents  the  CO,  in  the  expired  alveolar  air.  The  percentage  of  CO,  is  calcu- 
lated according  to  the  equation 

First   reading   minus    second    reading 
Per  cent  CO.  =:  

Volume    of    bulb    plus    first    reading. 

Xo  correction  need  be  made  for  temperature  and  pressure  since  they  are  the 
same  for  both  readings,  and  therefore  do  not  affect  the  percentage. 

In  collecting  the  expired  air  the  subject  is  first  made  to  breathe  naturally, 
then  to  put  the  mouth-piece  in  his  mouth  and  at  the  end  of  a  quiet  expiration 
expire  as  forcibly  as  possible,  or  give  a  violent  cough,  through  the  tube;  and 
at  the  end  of  this  forced  expiration  the  tube  is  quickly  clamped  off.  Several 
readings  are  taken;  those  which  are  most  divergent  are  discarded  and  the 
average  of  the  more  or  less  coincident  ones  recorded.  A  few  preliminary  deter- 
minations must  be  made  with  each  patient  to  accustom  him  to  the  use  of  the 
apparatus. 

In  investigating  the  more  or  less  heterogeneous  series  of  cases  pre- 
senting themselves  in  the  wards  several  points  were  kept  uppermost  in 
mind :  First,  to  determine  if  possible  whether  the  feeling  of  asthenia  in 
convalescent  patients  and  especially  in  patients  who  have  gotten  out  of 
bed  for  the  first  time,  is  associated  with  the  presence  of  acapnia.  Second, 
whether  the  latter  phenomenon  is  responsible  for  these  symptoms  in 
patients  with  enteroptosis.  Third,  the  extent  to  which  acapnia  develops 
in  cardiac  dyspnea,  and  its  relation  to  the  mechanism  of  the  latter. 

It  would  have  been  particularly  interesting  for  us  to  have  deter- 
mined the   alveolar  air  in   clinical   cases  of  surgical   shock,   but   those 
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patients  in  whom  the  degree  of  shock  was  sufficiently  high  to  be  regarded 
as  crucial  tests  it  did  not  seem  safe  to  subject  the  patient  to  the  ordeal 
of  this  examination. 

We  therefore  tried  to  determine  whether  there  might  be  any  relation 
between  acapnia  and  the  production  of  symptoms  of  asthenia  such  as 
are  met  with  in  convalescents  from  long  illnesses,  typhoid  fever,  surgical 
operations  and  also  in  persons  with  enteroptosis.  The  results  of  deter- 
minations on  such  patients  as  shown  on  the  chart  falls  within  normal 
limits  (4.0  to  5.5  per  cent.)  in  most  cases,  though  in  a  few  convalescents 
from  typhoid  fever  they  were  a  little  lower.  These  results  coincide  well 
with  the  figures  obtained  on  normal  individuals  by  Haldane  and  his 
collaborators,  especially  Mabel  Fitzgerald. 

We  also  tried  to  determine  whether  the  weakness,  dizziness  and 
similar  sensations  experienced  by  convalescents  on  first  getting  out  of 
bed  were  associated  with  acapnia.  This  was  studied  in  four  patients.  In 
two  of  these  —  a  man  who  had  just  gotten  out  of  bed  after  an  operation 
for  appendicitis  and  a  patient  with  gastric  ulcer  and  extreme  ptosis  of 
the  viscera  —  there  was  a  slight  fall  of  alveolar  CO,  (from  0.3  to  0.5 
per  cent.),  a  little  more  than  the  diurnal  variation.  In  one  convalescent 
from  an  appendix  operation  there  was  a  rise  of  0.2  per  cent,  in  spite  of 
the  fact  that  he  complained  of  weakness  and  some  giddiness  and  light- 
headedness. One  of  the  four  patients,  a  convalescent  from  a  double 
herniotomy,  who  also  had  these  symptoms,  showed  a  marked  fall  in  the 
CO,  from  5.3  per  cent,  down  to  4.4  per  cent.  There  was,  however,  no 
marked  change  in  rate  of  respiration. 

These  figures  all  represent  percentages  well  above  the  level  of  acapnia, 
although  in  only  one  of  the  cases  was  the  fall  sufficiently  great  to  account 
for  the  occurrence  of  any  such  symptoms. 

We  also  investigated  the  alveolar  COg  of  a  number  of  heart  cases.  It 
was  difficult  to  investigate  these  in  the  most  severe  grades  of  dyspnea, 
because  the  mere  act  of  making  a  very  large  forced  expiration  threw 
them  into  violent  coughing  spells  and  made  them  feel  so  ill  that  it  was 
not  possible  always  to  repeat  the  observations  often  enough  to  secure 
concordant  results.  A  considerable  number  of  these  cases  gave  results 
below  the  lowest  level  for  normals  and  this  was  especially  marked  in 
those  who  had  rapid  respiration  rates  at  the  time  of  making  the 
determination. 

After  this  work  was  in  progress  we  found  a  short  article  in  the  liter- 
ature by  Forges  and  Marcovici  describing  similar  findings  of  low  COj 
in  certain  but  not  in  all  cases  of  cardiac  dyspnea.  It  would  appear  that 
we  have  in  cardiac  disease  two  distinct  mechanisms  for  the  production 
of  dyspnea: 
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1.  Stasis  and  congestion  in  the  pulmonary  area,  associated  with 
difficulty  in  aeration  of  the  blood.  This  may  act  either  by  reflex  stimu- 
lation of  the  vagus  endings  in  the  lung  or  by  increasing  the  COo  in  the 
blood  bathing  the  respiratory  center  which  will  give  rise  to  hyperpnea 
until  the  CO,  falls  to  its  normal  level. 

2.  Slow  arterial  circulation  through  the  medulla,  as  in  arterio- 
sclerosis, aortic  insufficiency  and  general  failure  of  the  circulation,  which 
gives  rise  to  sj'mptoms  of  lack  of  ox3^gen  in  the  latter  and  the  formation 
of  acids  there  quite  independent  of  the  CO,.  This  acid  intoxication  over- 
stimulates  the  respiration  and  gives  rise  to  over-ventilation  of  the  lungs, 
acapnia,  and  probably  sometimes  Cheyne- Stokes  breathing,  for  Pembrey 
and  his  collaborators  have  shown  that  the  latter  can  be  stopped  by  inha- 
lations of  COg.  It  is  probable  that  such  cases  can  be  benefited  by 
rebreathing,  but  we  have  not  been  able  to  answer  this  question  as  yet. 

We  had  one  patient  with  Adams-Stokes  disease  with  complete  heart- 
block,  who  was  not  having  any  attacks  or  dyspnea  at  the  time  of  deter- 
minations, whose  alveolar  CO,  was  normal. 

A  number  of  observations  were  made  on  pregnant  women  near  term 
who  had  slight  dyspnea,  most  of  whom  were  a  little  below  the  lower 
limits  of  normal,  which  might  be  easily  accounted  for  on  purely  mechan- 
ical grounds,  though  the  possibility  of  a  mild  acidosis  such  as  has  been 
assumed  by  Porges  and  his  collaborators  cannot  be  excluded. 

Peter  Brigham  Hospital. — 224.5   Linden   Avenue. 
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IxxERE  Sekretox.  Hire  physiologischen  Grundlagen  und  ilire  Bedeiitimg  fiir  die 
Pathologie.  Von  Prof.  Dr.  Artur  Biedl,  mit  einem  Vorwort  von  Hofrat  Prof. 
Dr.  R.  Paltauf.  Second  Edition.  Part  One.  Paper.  Price,  26  marks.  Pp. 
534,  with  151  illustrations.     Berlin:    Urban  &  Scliwarzenberg,  1913. 

The  first  edition  of  Biedl's  splendid  compilation  of  the  literature,  and  his  own 
experience  on  the  glands  of  internal  secretion,  appeared  in  1910.  The  early  appear- 
ance of  the  new  edition  demonstrates  how  much  need  there  was  for  such  a  work, 
and  how  well  supplied  the  need  was.  But  this  is  more  than  a  new  edition  —  it 
is  an  entirely  new  work;  for  while  the  entire  book  in  its  first  edition  was  but  about 
400  pages,  the  first  volume  alone  of  the  second  edition  contains  130  more.  The 
author  seems  to  have  felt  that  in  his  first  work  the  limited  use  of  space  preventea 
him  from  going  into  the  detail  which  the  unsettled  state  of  many  of  his  problems 
really  demanded  for  their  presentation.  The  need  for  explanation  by  means  of 
illustrations  has  been  filled  by  twenty  colored  plates  and  a  great  number  of  black- 
and-v.  hites.  In  this  volume,  which  follows  in  arrangement  the  first  half  of  the 
original  edition,  are  covered  the  thyroid,  parathyroids,  thjmus  and  adrenal,  and 
related  subjects.  There  can  be  no  question  that  the  work,  which  from  the  start 
has  been  the  best  thing  of  the  kind  available,  is  greatly  increased  in  value  by  its 
augmented  inclusiveness,  and  is  made  much  easier  of  understanding  and  of  greater 
educational  worth  by  the  abundant  illustrations.  It  will  be  used  as  the  first 
source  of  information  concerning  the  ductless  glands,  since  it  is  the  one  extensive 
and  modern  collection  of  the  latest  developments  of  this  growing  and  interesting 
part  of  medical  science.  Furthermore,  it  is  much  more  than  a  compilation,  for 
Biedl  himself  being  an  active  investigator  in  this  field,  has  analyzed  the  work  of 
others  with  the  judgment  and  insight  wliich  only  those  who  are  themselves 
familiar  with  the  methods  and  difficulties  of  research  can  possess.  It  is  to  be 
hoped  that  the  second  volume  of  this  monograph  will  soon  appear,  for  since  there 
is  no  bibliography  in  this  it  is  to  be  assumed  that  that  essential  part  of  the  work 
will  be  placed  at  the  end. 
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THE    HISTOPATHOLOGY    OF    THE    XERYOUS    SYSTEM    IX 

PELLAGRA  * 

H.    DOUGLAS    SINGER.    M.D..    M.R.C.P.,    axd    LEAYIS    J.    POLLOCK,    M.D. 

KANKAKEE,    ILL. 

The  study  of  the  nervous  sA^stem  in  pellagra  has  been  made,  to  a  very 
large  extent,  only  with  the  older  methods  of  staining,  and  it  is  our 
purpose  here  to  present  the  findings  in  a  series  of  cases  in  which  the 
more  modern  methods  have  been  used. 

The  actual  number  of  papers  on  the  pathologic  anatomy  of  the 
nervous  system  in  pellagra  is  not  very  great  and  the  conclusions  reached 
are  somewhat  variable.  By  some  the  changes  are  regarded  as  character- 
istic and  peculiar,  whereas  others  see  in  the  various  findings  only  the 
expression  of  a  generalized  intoxication  not  in  any  way  specific  for  this 
disease.  The  question  is  of  some  importance  in  relation  to  the  wide- 
spread belief  in  the  occurrence  clinically,  of  a  certain  nervous  and  mental 
symptom-picture  which  is  supposedly  necessary  for  the  diagnosis  of 
pellagra.  Another  controversial  feature,  which  stands  out  prominently, 
is  the  question  concerning  the  relation  of  the  vascular  findings  to  the 
nervous  changes  and  to  pellagra  itself. 

The  most  recent^  and  extensive  article  on  this  topic  is  that  of 
Kozowsky,  whose  results  we  shall  have  occasion  to  discuss  in  relation  to 
our  own  findings.  In  this  paper  there  is  given  a  very  extensive  review 
of  the  literature  beginning  with  the  eighteenth  century.  As  one  might 
expect,  Kozowsky  comes  to  the  conclusion  that  there  is  little  of  value 
prior  to  1855,  when  there  appeared  a  study  of  fourteen  cases  by 
Landouzy.  Even  at  this  time  the  brain  was  passed  over  as  practically 
normal  and  attention  was  directed  chiefly  to  the  spinal  cord  in  which 
were  described  softenings  and  sclerosis.     As  Kozowsky  points  out,  the 


*  Submitted  for  publication  Jan.  22.  19L3. 

*  From  the  Laboratory  of  the  Illinois  State  Psychopathic  Institute. 

*  Read  in  condensed  form  before  the  National  Conference  on  Pellagra  held  at 
Columbia,  S.  C,  Oct.  3-4,  1912. 

1.  Since  this  was  written  there  have  appeared  two  excellent  papers.  '"Beitrag 
zur  pathologischen  Anatomic  der  Pellagrapsychosen"  by  A.  Rezza.  Ztschr.  f.  d. 
ges.  Neurol,  u.  Psych.,  1912.  xii.  1 ;  and  "Des  neurofibrilles  dans  la  pellagre"  by 
Millant.     Arch,  d.'  Neurol.,  1912,  xxxiv,  No.  2,  p.  312. 
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material  is  open  to  question,  and  but  little  stress  can  be  laid  on  tbese 
findings.  In  1881  Paussier  called  attention  to  the  occurrence  of  fatty 
degeneration  in  the  vessels  and  nerve  cells  of  the  brain  and  the  presence 
of  numerous  amyloid  bodies.  He  speaks  of  rare  and  restricted  arterio- 
sclerosis and  reaches  the  conclusion  that  pellagra  is  a  toxic  disease  similar 
to  other  diseases  brought  about  by  intoxications  with  food  poisons. 

From  this  time  on  there  is  a  gradually  increasing  definition  of  wide- 
spread changes  in  the  nervous  system.  In  1883  Tonnini,  besides  menin- 
geal changes,  described  fatty  degeneration  of  anterior  and  posterior 
cornual  cells.  Hieronimus,  in  1885,  spoke  of  small-celled  infiltration  of 
the  brain  and  ependyma  !with  widening  of  the  perivascular  and  pericel- 
lular spaces,  proliferation  of  the  epend3'ma  of  the  central  canal  and 
inflammatory  foci  in  the  gray  substance  of  the  cord  in  corresponding 
regions.  Neusser  noted  clouding  and  thickening  of  the  brain  membranes 
with  adhesions  and  also  atrophy,  sclerosis  or  softening  of  the  spinal  cord. 
Marchi  called  attention  to  insufficient  staining  as  evidence  of  degenera- 
tion of  the  fibers  in  the  posterior  columns,  anterior  horns  and  the  spinal 
roots. 

In  1889  appeared  an  important  work  on  the  spinal  cord  by  Belmondo 
based  on  twenty  cases.  He  divided  the  changes  into  acute  and  chronic. 
The  former  were  found  in  those  cases  ending  clinically  with  the  so-called 
typhoid-pellagra,  and  consisted  in  changes  which  belong  to  the  path- 
ological picture  of  an  acute  meningomyelitis.  The  chronic  changes  con- 
sisted in  sclerosis  of  various  tracts  of  the  cord,  which  in  the  severe  cases 
were  supposedly  constant  and  represented  a  systemic  combined  postero- 
lateral sclerosis.  Accompanying  this,  there  was  pigmentary  degeneration 
with  atrophy  and  loss  of  processes  in  the  ganglion  cells  of  the  sympathetic 
and  spinal  systems.  He  also  mentioned  the  frequent  occurrence  of 
chronic  leptomeningitis  with  '^arachnitis  ossificans." 

Tuczek,  1893,  described  systemic  sclerosis  of  the  posterolateral  col- 
umns of  the  cord  and  contrasted  them  with  the  lesions  in  tabes  dorsalis. 
He  also  mentioned  especially  the  pigmentary  degeneration  of  the  spinal 
and  sympathetic  ganglia  and  described  the  occurrence  of  proliferation 
of  the  glia  without,  necessarily,  any  implication  of  the  vessels.  This  is 
also  the  first  article  in  which  granule  cells  (probably  identical  with 
those  known  under  this  name  to-day)  are  specifically  noted.  He  also 
pointedly  minimizes  the  importance  of  the  previous  findings  of  cerebral 
vascular  hyperemia,  anemia,  pial  edema  and  meningitis,  as  well  as 
occlusion  of  the  central  canal  of  the  cord. 

P.  Marie,  1894,  discussed  and  supported  Tuczek's  findings  in  regard 
to  the  posterolateral  sclerosis  of  the  cord  and  its  distinction  from  tabes. 

Lombroso,  in  1898,  published  an  important  monograph  giving  the 
results  of  113  autopsies.    He  laid  much  stress  on  the  occurrence  of  men- 
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ingitis,  which  in  some  cases  was  purulent ;  arachnitis  ossificans ;  pigmen- 
tation or  fatty  degeneration  of  the  adventitia  of  the  vessels;  pigmenta- 
tion of  the  ganglion  cells  of  the  sjnnpathetic  and  whole  central  nervous 
system;  degeneration  of  pyramidal  and  posterior  columns,  with  numer- 
ous '^granule  cells."  He  also  mentions  softening  of  the  cord  with  phe- 
nomena of  poliomyelitis  and  numerous  corpora  amylacea  in  the  spinal 
cord  and  s}Tnpathetic  system. 

Babes  and  Sion,  1899,  emphasized  the  pigmentation  and  chromat- 
olysis  of  cells  in  the  brain  and  the  presence  of  pigment  in  pericellular 
and  perivascular  spaces,  as  well  as  a  degeneration  of  fibers  in  the  pos- 
terior roots,  ascending  cerebellar  tract  and  Lissauer's  zone.  Similar 
findings  in  many  respects  have  been  made  by  other  more  recent  authors 
and  will  be  discussed  in  dealing  with  the  changes  of  particular  elements 
of  the  nervous  system.  All  these  papers  deal,  as  will  be  seen,  with  the 
nervous  lesions  as  a  more  or  less  primary  condition.  There  must  now 
be  mentioned  papers  by  Kozowsky,  190-1;  Mannini,  1905  and  Alpago- 
ISTovallo,  1905,  who  laid  particular  emphasis  on  the  presence  of  vascular 
lesions  of  arteriosclerotic  character,  which  they  claimed  to  be,  to  a  large 
extent,  the  cause  of  the  nervous  lesions.  This  same  view  was  reiterated 
and  amplified  by  Kozowsky  in  a  more  extensive  paper  in  1912.  Lukacs 
and  Fabinyi,  in  1908,  as  the  result  of  the  study  of  three  cases,  minimized 
the  vascular  findings  in  their  relation  to  the  nerve  lesions. 

MATEEIAL 

The  cases  studied,  fourteen  in  number,  had  all  presented  clinically, 
unquestionable  evidences  of  pellagra.  This  was  complicated  in  all  but 
two  by  the  presence  of  some  form  of  mental  disorder.  They  may  be  sub- 
divided into  two  groups,  the  first  of  which  comprises  those  patients 
dying  during  the  acute  or  subsiding  stages  of  the  pellagrous  attack.  Of 
these  there  were  eleven.  (We  have  also  examined  the  nerve  cell  changes 
only,  in  one  other  case.)  Seven  of  them  died  at  a  short  interval  after  the 
skin  lesions  had  subsided,  with  clinical  symptoms  of  "central  neuritis." 
In  the  other  five  there  were  no  symptoms,  such  as  evidence  of  pyramidal 
tract  lesion  (Babinski  reflex,  jactatoid  spasms,  etc.)  to  suggest  central 
neuritis,  although  diarrhea  with  rapid  and  progressive  emaciation  and 
weakness  were  almost  always  present.  In  only  one  of  these  twelve  cases 
was  there  any  complicating  acute  disease.  This  patient  suffered  from  an 
attack  of  facial  erysipelas  three  weeks  before  death,  which  ran  the  usual 
course  with  recovery,  but  had  as  sequelae  an  abscess  due  to  breaking  down 
of  cervical  lymph-nodes  and  double  otitis  media.  Pus  was  still  present 
in  the  neck  at  the  time  of  death,  but  the  abscess  cavity  was  healing. 

The  second  group  includes  three  patients  dying  of  intercurrent  dis- 
ease (lobar  pneumonia,  acute  pulmonary  and  pleural  tuberculosis,  and 
chronic  pulmonary  tuberculosis,  respectively)  at  certain  periods  after  the 
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subsidence  of  all  pellagrous  manifestations ;  that  is  to  say,  after  apparent 
recovery.  In  one  the  interval  was  three  and  one-half  months,  and  in 
each  of  the  other  two,  eighteen  months.  Certain  significant  differences 
were  observed  in  the  histology  of  the  cases  in  the  two  groups,  which  will 
be  described  in  detail  below. 

The  age  of  the  patients  at  death  ranged  from  35  to  71  years.  Five 
were  suffering  from  senile  dementia,  ages  6Q  to  71  (two  of  these  belonged 
to  the  interval  cases).  Four  were  old-standing  cases  of  dementia  praecox, 
aged  36,  50,  51  and  51,  respectively.  Two  were  suffering  from  a  manic- 
depressive  type  of  psychosis,  aged  35  and  36.  Two  were  not  insane, 
aged  43  and  57.  The  clinical  history  of  both  of  these  last  is  published 
in  detail  in  the  Report  of  the  Illinois  Pellagi'a  Commission. - 

TECHNIC 

1.  Tissue  fixed  in  10  per  cent,  formol  and  imbedded  in  paraffin:  (1)  Tohiidin 
blue.  (2)  Thionin.  (3)  Cresyl  violet.  (4)  Pappenlieira-Unna.  (5)  Heiden- 
hain's  iron-hematoxylin.  (6)  Weigert's  iron-heuiatoxylin  and  Van  Gieson's  stain. 
(7)  Weigert's  resorcin-fucbsin  stain.  (8)  Osmie  acid  and  toluidin  blue  for 
degeneration  products. 

2.  Tissue  fixed  in  10  per  cent,  formol,  after-mordanted  in  Weigert's  glia  fixing 
solution.  Frozen  sections:  (1)  Alzheimer's  method  No.  IV  for  protoplasmic  glia 
with  Mallory's  phosphomolybdic  acid  hematoxylin.  (2)  Alzheimer's  method 
No.  V.  with  Mann's  stain. 

3.  Tissue  fixed  in  10  per  cent,  formol.  after-mordanted,  embedded  in  celloidin 
and  stained  according  to  Mallory's  glia  fiber  stain. 

4.  Tissue  fixed  in  10  or  12  per  cent,  formol.  Frozen  sections:  (1)  Thionin, 
(2)  Uaddi-Herxheimer  fat  stain.  (3)  Smith's  nilblue  sulphate  for  diff'erentiat- 
ing  fats.      (4)    Bielschowsky-Pollack  silver   impregnation. 

5.  Tissue  fixed  in  alcohol.    Celloidin-embedding.     Thionin  and  toluidin  blue. 

6.  Tissue  fixed  in  10  per  cent,  formol  after-mordanted  in  Miiller's  fluid, 
embedded  in  celloidin:  (1)  Weigert-Kultschitsky-Wolters  myelin-sheath  stain. 
(2)  Marchi  method. 

GROSS  ANATOMY 

The  gi'oss  morbid  anatomy  of  the  nervous  system  was  in  no  manner 
characteristic  or  pathognomonic.  The  skull  presented  no  marked 
changes.  At  times  there  was  thickening  and  at  others  thinning  of  the 
calvarium.  The  dura  mater  in  the  majority  of  cases  was  thickened, 
streaked  with  increased  formation  of  connective  tissue  and  in  a  few 
instances  adherent  to  the  pia  mater.  The  pia-arachnoid  was  cloudy, 
opaque,  edematous  and  thickened;  at  times  lifted  from  the  brain  by  the 
collection  of  fluid  beneath  it.  The  edema  and  thickening  were  most 
prominent  over  the  convexity  of  the  brain.  In  a  few  cases  the  pia- 
arachnoid  was  adherent  to  the  underlying  cortex.  The  spinal  meninges 
showed  similar  changes  to  those  noted  in  the  cerebrum.  Small  bony 
plaques  were  occasionally  observed.     Neither  Hat  crihle  nor  ]uinctate 
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hemorrhages  were  met  with  in  any  case.  The  basal  ganglia,  cerebellum, 
pons  and  medulla  were  generally  negative.  In  one  case  several  hemor- 
rhagic areas  were  observed  in  the  mid-brain,  bnt  subsequent  examination 
showed  these  to  be,  in  all  probabilit}',  artefacts. 

MICEOSCOnC    EXAMINATION 

1.  The  Pia  Mater. —  Great  stress  has  been  laid  on  edema  and  chronic 
inflammation  of  the  pia  by  the  older  authors. 

The  pia  showed,  constantly,  changes  of  moderate  severity  consisting 
in  thickening  of  the  connective  tissue  with  proliferation  of  fibroblasts. 
In  a  few  cases  the  glia  of  the  cortex  was  observed  invading  the  thickened 
pia.  This  was  especially  true  about  the  sulci.  The  more  pronounced 
changes  were  in  the  vessels.  The  cells  resulting  from  the  proliferation 
of  the  vessel  wall  contributed  largely  to  the  formation  of  an  exudate 
which  was  found  in  many  cases.  This  exudate  contained,  besides  the 
vessel  cells,  which  were  swollen  and  undergoing  fatty  degeneration,  fatty 
and  fibrinoid  pigment  granules  and  a  few  lymphocytes.  Leukocytes  were 
found  in  only  one  case,  in  which  there  had  been  an  attack  of  erysipelas 
before  death.  Plasma  cells  were  present  in  two  cases,  both  complicated 
by  pulmonary  tuberculosis.  ISTo  basophil  cells  were  found  in  any  case. 
The  exudate  was  very  small  in  amount  in  comparison  with  such  diseases 
as  cerebral  syphilis,  general  paralysis,  etc. 

The  thickening  and  vascular  change  was  most  marked  over  the  con- 
vexity of  the  brain  and  was  only  severe  in  one  case,  in  which  it  was 
universal,  involving  even  the  membranes  lying  within  the  folds  of  the 
cerebellum.  Similar  changes  to  those  described  above  were  also  found 
in  the  pia  of  the  spinal  cord. 

2.  Vessels. — The  changes  found  in  the  vessels  may  be  described  under 
two  headings  according  as  they  are  acute  or  chronic.  The  former  may 
be  directly  related  to  the  pellagra,  whereas  the  latter  certainly  are  not. 

The  chronic  changes  were  most  evident  in  the  larger  arterioles  and 
consisted  in  thickening  of  all  coats  with  some  proliferation  of  vessel 
cells.  These  latter  Avere  also  swollen  and  often  contained  various  pig- 
ment granules.  Some  of  the  endothelial  cells  were  shrunken  and 
pyknotic  and  frequently  contained  various  granules  of  degenerative 
material.  Twisting,  curling  and  the  formation  of  ropes  by  the  twisting 
of  three  or  four  vessels,  together  with  splitting  of  the  intima  and  curling 
of  the  elastica,  were  met  with  only  in  those  cases  showing  senility  or 
chronic  alcoholism.  About  the  vessels  numerous  granules  of  fatty  and 
fibrinoid  character  were  seen  and  in  a  few  cases  granules  showing  baso- 
philic properties.  Granule  cells  (AhrailmzeJlen)  containing  fatty  and 
fibrinoid  material  were  especially  frequent. 
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The  smallest  vessels  also  to  some  extent  showed  the  more  chronic 
thickening,  with,  in  a  few  cases,  splitting  of  the  intima.  All  the  changes 
described  above  seemed  to  be  related  to  age  or  general  intoxication  with 
alcohol.  In  no  case  was  there  observed  any  hyaline  change  in  the  vessel 
wall  and  in  none  were  there  any  suggestions  of  occlusion.  In  three  cases 
small  hemorrhages  were  found,  two  in  the  spinal  cord  (gray  matter)  and 
in  one  in  the  mid-brain.  These  hemorrhages  were  not  surrounded  by 
any  reaction  zone  or  degeneration,  the  extravasated  blood-cells  and  nerve 
cells  lying  within  the  hemorrhagic  area  stained  well,  the  latter  showing 
well-preserved  Nissl  granules.  It  was,  therefore,  concluded  that  they 
were  probably  artefacts  and  produced  post  mortem.  No  other  punctafe 
hemorrhages  were  observed  in  any  case. 

The  more  acute  changes  were  observed  in  connection  with  the  small- 
est vessels.  The  intima  was  thickened  by  proliferation  and  the  endothelial 
cells  were  at  times  swollen  and  at  others  shrunken  and  pyknotic.  Fatty 
degeneration  was  common  and  in  a  few  instances  the  intima  was  found 
to  be  split,  but  few  if  any  cells  were  present  in  the  spaces  thus  formed. 
The  muscle  cells  were  proliferated,  swollen  and  distorted,  being  elon- 
gated or  sac-like,  poor  in  chromatin  and  contained  pigment  of  various 
kinds.  The  adventitia  was  thickened  with  proliferating  cells  showing 
various  kinds  of  degeneration.  These  changes  in  some  cases  were 
extremely  slight. 

In  one  case  in  the  whole  of  one  set  of  specimens,  there  were  found  in 
the  adventitial  cells  a  number  of  metachromatic  basophil  bodies  which 
presented  various  shapes;  rosettes,  curved  and  elongated  masses  with 
small  projecting  buds  or  lobules,  etc.  These  bodies  resemble  very  closely 
those  described  by  Borrel  in  carcinoma,  and  to  some  extent  those  of 
Councilman  in  variola.  They  possibly  represent,  as  suggested  by  Pro- 
fessor Zeit  of  the  Northwestern  University,  a  form  of  mucoid  degenera- 
tion. They  evidently  require  some  special  conditions  for  their  staining, 
for  we  were  unable  to  demonstrate  them  again  even  with  an  apparently 
identical  technic  and  in  the  same  brain.  .  They  stained  a  purplish  red 
with  thionin,  somewhat  similar  to  the  color  of  the  nuclei  in  these  par- 
ticular specimens  and  might,  if  not  degenerative  products,  be  cell  nuclei. 
Some  of  the  specimens  do,  indeed,  somewhat  resemble  mitotic  figures, 
and  this  explanation  seems  the  more  probable. 

In  a]l  cases  there  was  more  or  less  perivascular  infiltration,  consisting 
of  vessel  cells,  pigmented  and  degenerating  lymphocytes,  fatty  and 
fibrinoid  pigment  granules,  glia  cells  and  Ahraiimzellen.  No  basophil 
cells  were  observed  in  any  case.  Plasma  cells  were  found  in  considerable 
numbers  in  one  case,  while  in  a  second  there  were  a  few.  Both  of  these 
patients  had  died  of  tuberculosis.    Leukocytes  were  present  in  the  exudate 
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in  one  case  only,  in  which  the  patient  had  suffered  an  attack  of  erysipelas 
three  weeks  before  death. 

jSTew  vessel  formation  and  "process  cells"  were  found  rarely  in  one  or 
two  cases.  Stabclienzellen  occurred  in  numbers  not  exceeding  the  normal 
limits.  Twisting  of  vessels  and  the  formation  of  ropes  similar  to  that 
described  in  the  pia  was  present  only  in  association  with  senility  and 
chronic  alcoholism.  Widening  of  the  perivascular  spaces  was  also 
observed  under  the  same  conditions.  The  lumen  of  the  minute  vessels  in 
the  gray  matter  of  the  spinal  cord  was  usually  somewhat  widened,  and  it 
was  in  this  same  position  that  the  minute  hemorrhages  described  above, 
probably  artificially  produced,  had  occurred. 

No  example  of  etat  crihle  or  blood-cyst  was  observed. 

The  exudate  here  described  was  of  moderate  degree  in  all  cases  and  in 
some  had  to  be  sought  with  a  high  power  in  order  to  demonstrate  its 
presence.  It  was  not,  in  any  degree,  to  be  compared  with  the  exudates 
which  form  such  a  striking  picture,  even  with  a  low  magnification,  in 
specimens  from  general  paralysis,  lues  cerebri,  trypanosomiasis,  etc. 
Although  it  probably  has  a  relation  to  pellagra  as  an  intoxication,  it  was 
also  present  in  very  similar  degree  and  constitution  in  those  patients 
dying  at  some  considerable  interval  after  the  subsidence  of  all  clinical 
evidence  of  pellagra,  and  in  these  can  probably  be  related  to  the  acute 
toxic  and  infective  diseases  which  caused  death.  There  is  nothing  in  the 
picture  to  suggest  a  local  invasion  of  the  nerve  tissue  with  micro- 
organisms. 

As  already  indicated,  much  stress  has  been  laid  on  the  changes  in  the 
blood-vessels  in  pellagra  by  several  authors,  notably  Kozowsky,  Mannini 
and  Alpago-Novallo.  Kozowsky,  especially,  alleges  that  vascular  lesions 
are  the  cause  of  many  of  the  changes  in  the  nerve  tissue.  This  is  par- 
ticularly inexplicable  for  the  reason  that  he  selected  his  material  with 
extreme  care  and  laid  down  the  following  conditions  before  admitting  it 
for  use  in  studying  the  pathology  of  pellagra.  He  insisted  on:  (1)  the 
presence  of  characteristic  symptoms  in  each  of  the  skin,  gastro-intestinal, 
nervous  and  psychic  systems:  (2)  the  absence  of  previous  alcoholism, 
syphilis  and  bad  surroundings;  (3)  the  patients  must  be  under  40  to  45 
years  of  age.  Yet  in  spite  of  these  conditions,  which  he  claims  to  have 
filled  in  all  of  his  cases,  he  found  frequently  hyaline  degeneration  of  the 
vessels  at  least  in  some  organs  of  the  body,  with  small  focal  softenings, 
old  blood  cysts,  punctate  hemorrhages  and  an  etat  crihU  in  the  brain.  It 
might  also  be  added  that  in  most  cases  he  found  an  advanced  degree  of 
sclerosis  of  the  liver  and  spleen  and  describes  the  former  organ  as  grating 
under  the  knife  on  section  {"Knirscht  unter  dem  Messer,"  "Idsst  sich  nur 
scliwer  sclmeiden") .  In  view  of  our  findings  with  cases  considerably 
older  and  in  some  suffering  from  the  effects  of  chronic  alcoholism,  one 


572  THE     ARCHIVES     OF     IXTERXAL     MEDICIXE 

cannot  but  feel  tliat  there  must  have  been  some  other  factor  at  work.  The 
importance  of  the  vascular  changes  in  relation  to  pellagra  have  also  been 
minimized  b}^  Tuczek  and  more  recently  Lukacs  and  rabin}^. 

3.  Neuroglia. —  (a)  Fibers.  In  all  cases  there  was  more  or  less 
increase  of  glia  fibers  in  the  outermost  layer  of  the  brain  cortex,  which 
was  especially  marked  in  and  about  the  sulci  and  around  the  vessels. 
In  the  network  thus  formed  there  were  numerous  amyloid  bodies  (Plate 
I,  Fig.  26).  In  some  cases  the  glia  fibers  were  found  invading  the  pia, 
causing  adhesions  between  it  and  the  brain.  Similar  increase  of  glia 
fibers  was  also  present  in  the  spinal  cord,  especially  around  the  periphery 
and  about  the  centra]  canal.  The  increase  of  fibers  was  in  no  case  as 
marked  as  is  usually  found  in  senile  dementia. 

(b)  Cells. — Although  there  were  found  several  types  of  glia  nuclei 
and  cell  bodies  with  thionin  staining,  no  definite  conclusions  can  be 
drawn  from  them,  inasmuch  as  the  normal  limits  of  glia  cells  in  this 
respect  are  poorly  defined.  In  the  superficial  layers  of  the  cortex  were 
observed  a  large  number  of  pyknotic  distorted  cells  with  long  fibers,  the 
nuclei  being  star-shaped,  lanceolate,  biscuit-shaped,  semilunar,  etc.  The 
protoplasm  stained  but  poorly.  Many  pigment  granules  were  present 
within  these  cells,  staining  bluish-red  or  pink  with  thionin.  In  the 
deeper  layers  of  the  cortex  were  found  glia  cells  with  a  small,  dark 
nucleus  rich  in  chromatin  and  a  small  amount  of  faintly  staining  pro- 
toplasm. Also  cells  with  a  swollen,  pale  nucleus  containing  but  a  few  fine 
chromatin  granules  and  perhaps  one  or  two  pink  nucleolus-like  bodies. 
The  nuclei  frequently  fill  almost  the  entire  cell  body,  and  show  many. 
t3'pes  of  distortion  into  various  bizarre  shapes.  A  cell  with  a  large 
nucleus  of  the  same  character  and  more  deeply  stained  protoplasm  was 
likewise  seen.  In  the  white  matter  there  were  two  chief  types  of  cell,  one 
with  a  small  dark  and  the  other  with  a  large  pale  nucleus. 

Fatty  degeneration  of  the  bodies  of  the  glia  cells  in  the  cortex  was 
constant  in  marked  degree.  The  bodies  of  these  cells  likewise  contained 
other  pigment  material  staining  blue,  green  and  reddish  with  thionin. 
In  two  cases,  one  of  chronic  alcoholism  and  the  other  with  septic  infection 
following  erysipelas,  a  few  giant  glia  cells  containing  two  or  more  nuclei 
were  found, 

Satellitosis  was  constantly  present  in  varying  degree,  depending  on 
the  amount  of  chronic  change  in  ihe  ganglion  cells.  At  times  a  number 
of  satellites  were  found  directly  about  a  ganglion  cell,  sometimes  forming 
a  fence  about  it  with  a  space  between  them  and  the  ganglion  cell.  The 
satellite  cells  were  especially  numerous  about  the  cells  undergoing  degen- 
eration and  the  shadow  cells.  They  were  not  present  in  increased  number 
about  the  cells  showins  axonal  reaction. 
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The  astrocytes  (Plate  I,  Figs.  19-22)  in  all  cases  were  definitely 
increased  in  number,  especially  in  the  deeper  layers  of  the  cortex  and  in 
the  white  matter,  but  not  to  the  degree  met  with  in  general  paralysis  nor 
so  marked  as  is  usually  found  in  senile  dementia.  The  two  most  marked 
examples  were  cases  of  senility  and  chronic  alcoholism. 

These  cells  stained  with  Alzheimer's  Methods  IV  and  V,  showed 
various  interesting  conditions.  The  cell  processes  were  usually  thickened 
and  presented  darkly-staining  streaks  of  wavy  outline.  They  frequently 
appeared  to  be  broken.     Occasionally  the  processes  were  small  and  thin. 

The  bodies  of  these  cells  were  either  large  or  comparatively  small. 
Where  large  thej^  were  more  homogeneous.  Granular  transformation  of 
the  protoplasm  was  frequently  observed.  The  granules  corresponded  to 
the  Alzheimer  meth}'!  blue  granules,  and  probably  indicate  a  degenerative 
condition.  The  nuclei  showed  various  shapes  and  contained  granules. 
They  were  cresentic,  elongated,  round  or  oval,  central  or  displaced  to  the 
periphery  of  the  cell.  At  times  very  little  of  the  cell  body  was  visible 
around  a  large,  distorted  nucleus  from  the  vicinity  of  which  issued  darkly 
staining  fibers.  Occasionally  a  peculiar  staining  reaction  was  noticed  in 
the  cell  bodies  apart  from  the  granularity. 

The  relation  of  the  astrocytes  to  the  vessels  was  variable.  Some  were 
found  at  a  short  distance  from,  but  parallel  to,  the  vessels,  others 
encircled  them,  and  still  others  existed  apparently  quite  apart  from  the 
vessels  in  the  surrounding  tissues.  Those  in  direct  relation  with  the 
vessels  were  attached  to  the  walls  by  insertion  feet  of  various  shapes  and 
sizes.  In  many  instances  they  were  bent  and  twisted.  In  nine  of  the 
thirteen  cases  these  insertion  processes  were  definitely  thickened  (Plate 
I,  Figs.  19,  22),  whereas  in  one  they  seemed  definitely  smaller  than  usual. 
This  was  an  interval  case,  aged  71,  the  patient  dying  from  acute  pleural 
and  pulmonary  tuberculosis. 

In  seven  cases  a  cystic  degeneration  (Plate  I,  Fig.  19)  of  non-fatty 
character  was  found,  similar  to  that  described  by  Cerletti  in  cases  of 
pernicious  malaria,  but  also  observed  in  other  conditions.  This  cell 
picture  should  be  differentiated  from  the  cyst-like  change  associated  with 
fatty  degeneration.  The  cell  protoplasm  has  disappeared  in  part  or 
whole,  to  be  replaced  by  numerous  small  or  large,  pale  and  apparently 
empty  vesicles.  These  are  present  around  the  nucleus,  and  at  times  at 
some  distance  from  it,  or  along  some  thickened  process.  From  between 
the  vesicles  many  processes,  usually  thin,  can  be  seen  to  issue.  The  sig- 
nificance of  this  change  is  unknown,  but  its  appearance  suggests  a  degen- 
erative condition.  In  all  but  one  of  the  seven  cases  showing  this  type  of 
cell,  the  patients  had  been  either  senile  or  the  subject  of  chronic  alco- 
holism. All  three  of  the  interval  cases  presented  these  cells  and  died  with 
infective  disease. 
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Giant  astrocytes  were  found  in  five  of  the  tiiirteen  cases  studied  with 
the  special  glia  stains.  Two  of  them  in  younger  individuals  with  manic 
depressive  insanity  and  dementia  praecox  dying  from  pellagra,  two  with 
chronic  alcoholism  and  one,  an  interval  case,  dying  from  chronic  tuber- 
culosis eighteen  months  after  the  disappearance  of  all  symptoms  of 
pellagra. 

The  increased  number  of  astrocytes  is  not  as  marked  as  is  usually 
found  in  senile  dementia,  but  we  cannot  agree  with  Kozowski  when  he 
states  that  an  increase  of  astrocytes  is  the  exception  rather  than  the  rule. 

The  significance  of  an  increase  in  astrocytes  such  as  is  here  described 
is  still  undetermined.  According  to  Alzheimer,  Weber  and  Schroeder,  it 
would  indicate  the  presence  of  an  active  disease  process,  whereas  Orlow 
and  others  find  them  more  numerous  in  chronic  conditions.  The  cases 
here  studied  can  throw  no  light  on  this  question,  as  both  chronic  and 
acute  clianges  are  present. 

A  variety  of  glia  cell  to  which  Alzheimer  has  particularly  called  atten- 
tion and  to  which  he  ascribes  much  importance  is  the  ameboid  transfor- 
mation of  astrocjiies  and  small  glia  cells.  The  ameboid  glia  cells  (Plate 
I,  Figs.  23-24)  have  been  found  by  Alzheimer  particularly  in  recent  and 
active  diseases  of  the  brain.  Never  in  old  hemorrhages,  old-standing 
softenings,  old  cases  of  dementia  praecox,  in  epilepsy  after  a  long  period 
free  from  convulsions  nor  in  manic  depressive  insanity.  On  the  other 
hand,  they  are  present  in  severe  infection  deliria,  alcoholic  delirium, 
acute  stages  of  dementia  praecox,  many  cases  of  status  epilepticus,  many 
cases  of  general  paralysis  and  lues  cerebri,  acute  and  subacute  experi- 
mental intoxications,  uremia,  diabetic  coma,  sepsis,  etc.  Ameboid  glia 
cells  are  seen  most  frequently  in  the  deeper  layers  of  the  cortex  and  in 
the  Avhite  matter.  They  present  several  forms:  (1)  A  small  body  with 
few  pseudopodia  and  comparatively  large  nucleus,  they  are  found  chiefly 
about  the  vessels;  (2)  a  cell  with  a  large  homogeneous  body  and  numer- 
ous large  pseudopodia.  Frequently  these  cells  are  seen  to  surround  a 
degenerating  axone.  Many  surround  a  vessel  matting  together  around  it. 
AVithin  their  bodies  are  found  pigment  granules  of  various  types.  Gran- 
ular change  was  frequent.  Fatty  degeneration  was  observed  in  one  case 
which  had  suffered  from  erysipelas.  Fat  pigment  was  frequent.  Ameboid 
cells  were  found  in  all  cases  in  one  or  another  form.  It  should  be  added 
that  the  interval  cases  all  had  some  toxic  or  infective  process  to  explain 
their  presence. 

Many  astrocytes  were  seen  undergoing  the  transformation  into  ame- 
boid cells,  sometimes  while  still  clinging  to  a  vessel  by  means  of  the 
insertion  process  (Plate  I,  Fig.  21).  Occasionally  there  were  found 
ameboid  cells,  the  bodies  of  which  had  coalesced  and  hence  contained 
two  or  more  nuclei.    Along  the  vessels  were  found  a  number  of  examples 
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of  this  type  of  cell.  Besides  these,  a  number  of  small  cells  with  round 
nuclei  and  a  small  amount  of  granular  protoplasm  were  found  lying 
along  the  vessels  or  scattered  through  the  white  matter.  Processes  were 
never  seen  issuing  directly  from  these  cells,  but  many  thin  processes 
radiated  about  them,  and  when  examined  in  mass  appeared  to  belong  to 
the  cells. 

At  this  point  attention  may  be  directed  to  the  condition  of  the  central 
canal  of  the  cord  (Plate  I,  Fig.  27),  which  was  found  to  be  occluded  and 
changed  in  all  but  one  of  the  cases.  Such  a  condition  is  probably  not 
abnormal  in  any  adult  (Schmaus,  Ziehen,  et  al.),  but  it  should  be  noted 
that  here  there  seemed  to  be  a  definite  central  gliosis,  and  not  merely  a 
collection  of  debris  and  degenerated  epithelial  cells. 

The  processes  of  the  ependymal  cells  interlaced  with  the  fibers  of  the 
numerous  glia  cells  to  form  a  network  in  which  were  embedded  amyloid 
bodies  in  varying  number.  The  ependymal  cells  were  rich  in  chromatin 
and  when  altered  were  usually  swollen.  Many  layers  of  such  cells  were 
present,  all  semblance  of  the  normal  arrangement  being  lost.  Small 
round  nests  of  these  cells  were  often  observed  scattered  through  the  area 
occupied  by  the  gliosis. 

4.  Nerve  Cells. — The  cyio-architecture  of  the  cortex  was  only  slightly 
disturbed.  The  changes  were  most  marked  in  the  layers  of  large  pyram- 
idal cells.  They  consisted  in  paucity  of  cells  with  a  change  in  their 
relative  positions  and  increase  of  glia  elements.  In  no  case  was  there  a 
disturbance  as  severe  or  marked  as  that  seen  in  general  paralysis. 

The  changes  in  the  ganglion  cells  of  the  nervous  system  were 
extremely  marked  and  of  great  importance.  They  may  be  divided  for 
consideration  into  two  groups:  (1)  The  indirect  or  axonal  types  of  reac- 
tion, (2)  the  direct  reaction  types. 

1.  Indirect  or  Axonal  Reactions. — Two  grades  of  intensity  of  this 
type  may  be  recognized. 

(a)  Typical  Axonal  Reaction  (Plate  I,  Figs.  1-4,  9,  10,  18). — In  this 
condition,  which  can  be  produced  experimentally  by  injuries  to  the  axone 
(Marinesco,  van  Gehuchten),  the  cell  is  swollen  and  rounded,  the  nucleus 
is  displaced  to  the  periphery  where  it  may  form  an  actual  projection  on 
the  surface,  or  may  even  be  extruded  altogether.  The  tigroid  substance 
has  for  the  most  part  disappeared  from  the  central  portion  of  the  cell, 
blocks,  staining  well,  being  often  left  around  the  periphery  and  especially 
in  the  base  of  the  larger  dendrites  and  a  considerable  mass  around  the 
nucleus.  The  nucleus  is  distorted,  often  oval  or  reniform,  stains  more  or 
less  uniformly  with  a  pale  color  and  there  is  a  well-preserved  nucleolus 
rich  in  chromatin. 

(b)  Central  CJiromatolysis. — Cells  presenting  a  body  which  is  not 
swollen  has  a  central  well-preserved  nucleus  and  darkly  staining  nucle- 
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olus.  The  Xissl  granules  have  largely  disappeared  from  the  central 
portion  of  the  cell,  but  large  blocks  are  present  about  the  periphery  and 
often  also  immediately  about  the  nucleus.  It  differs  from  the  last  in 
the  absence  of  swelling  and  displacement  of  the  nucleus. 

There  was  a  marked  difference  between  the  cases  examined  at  some 
interval  after  the  pellagra  attack  and  those  in  which  death  occurred 
during,  or  soon  after,  an  acute  outbreak.  Of  the  interval  cases,  two  died 
eighteen  months,  and  one  three  and  one-half  months  after  the  attack. 
The  two  former  showed  practically  no  axonal  change  at  all;  in  the  last 
it  was  present  to  a  much  less  degree  than  in  the  acute  cases.  In  one  of 
the  older  cases  no  axonal  change  was  found  in  the  brain  or  cord  even  in 
the  Betz  cells  or  in  the  cells  of  Clarke's  column,  and  only  one  anterior 
horn  cell,  situated  in  the  dorsal  region  of  the  cord,  presenting  this  change, 
was  found.  In  the  second  many  of  the  Betz  cells  were  entirely  healthy, 
although  a  few  showed  central  chromatolysis  without  nuclear  displace- 
ment. In  the  cord  a  few  cells  in  Clarke's  column  showed  typical  axonal 
change  as  did  also  some  of  the  cells  of  the  semilunar  ganglia  of  the 
sympathetic.  In  the  case  dying  three  and  one-half  months  after  the 
subsidence  of  the  pellagrous  attack  a  moderate  number  of  the  Betz  and 
large  pyramidal  cells  in  the  anterior  central  and  paracentral  convolutions 
showed  axonal  change,  while  most  presented  a  picture  of  central  chromat- 
olysis without  displacement  of  the  nucleus.  In  this  case  also  some  cells 
showed  a  granulation  with  homogeneous,  non-metachromatic,  basophil 
particles  not  found  in  any  other  case.  This  change  has  been  described  in 
acute  infective  diseases  and  is  possibly  related  to  the  tuberculosis,  which 
was  the  cause  of  death. 

In  the  recent  cases  axonal  changes  were  severe  in  all,  and  in  many 
involved  practically  all  the  Betz  cells  and  many  of  the  large  pyramidal 
cells  of  the  central  convolutions.  Similar  changes  were  also  found  in 
the  ganglion  cells  of  the  hippocampus,  the  dentate  nucleus  of  the  cere- 
bellum, the  central  ganglia,  and  the  nuclei  of  the  cranial  nerves. 

In  the  cord  these  changes  in  the  cells  of  Clarke's  column  were  con- 
stant and  often  extreme ;  they  were  present  in  more  or  less  of  the  anterior 
cornual  cells  in  eight  of  twelve  cases,  in  the  posterior  cornua  in  four  (in 
one  of  these  more  marked  than  in  the  anterior  cornua).  Similar  reac- 
tions were  found  also  in  the  posterior  root  ganglia  and  in  the  cells  of  the 
semilunar  ganglia  of  the  sympathetic  and  of  Auerbach's  and  Meissner's 
plexus  in  the  intestine  in  the  cases  in  which  these  were  examined. 

It  is  noteworthy  that  on  the  whole  the  Purkinje  cells  of  the  cere- 
bellum were  the  best  preserved  cells  of  the  whole  brain.  Some  showed 
central  chromatolysis,  but  none  true  axonal  change. 

The  cell  showing  axonal  reaction  is,  except  in  very  severe  degrees, 
capable  of  recovery  and  the  above  facts  would  suggest  that  the  change  is 
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the  result  of  the  condition,  whatever  it  be,  which  underlies  the  acute 
pellagrous  outbreak.  During  the  interval  the  cells  again  resume,  to  a 
greater  or  less  extent,  their  normal  state.  This  type  of  reaction  also 
seems  to  result  from  an  injury  to  the  neurone  at  a  distance  from  the 
cell  and  such  an  hypothesis  is  well  borne  out  by  the  absence  of  satellitosis 
about  these  cells  noted  above. 

This  one  feature  thus  seems  to  bear  the  most  definite  relation  to  the 
acute  pellagra  attack.  With  it  is  probably  to  be  related  the  scattered 
Marchi  degeneration  found  throughout  the  nervous  system.  This  ]3ar- 
ticular  picture  of  widespread  axonal  chromatolysis  with  special  involve- 
ment of  the  Betz  cells  and  those  of  Clarke's  column  has  been  noted  by  all 
workers  on  pellagra  with  modern  methods  of  staining  (Marinesco,  Babes, 
Lugaro,  Anderson  and  Spiller,  Kozowski  and  others).  As  has  already 
been  noted  by  one  of  us,  the  picture  is  identical  with  that  described  by 
Meyer  under  the  title  of  central  neuritis.  In  a  personal  communication, 
this  author  assures  us  that  none  of  his  cases  presented  clinically  a  picture 
of  pellagra.  Attention  may  also  be  drawn,  in  this  connection,  to  the 
publications  on  this  syndrome  and  on  the  cytology  of  the  brain  in  mental 
disorders  by  Cotton  and  Southard,  Coriat,  Somers,  Orr  and  Coles.  In  a 
case  of  chronic  alcoholism  recently  studied  by  us,  there  was,  clinically  and 
pathologically,  a  picture  of  central  neuritis,  and  yet  nothing  to  suggest  a 
history  of  pellagra.  Indeed,  it  would  be  impossible  to  distinguish  micro- 
scopically between  the  specimens  of  this  case  and  those  here  described. 
We  must,  therefore,  conclude  that  pellagra  is  not  capable  of  recognition 
post  mortem  (apart  from  the  presence  of  the  typical  skin  lesions).  This 
is  contrary  to  the  opinion  expressed  by  Kozowski  in  his  very  detailed 
report  of  eases  with  an  excellent  digest  of  the  literature.  It  is  of  interest 
here  to  call  attention  to  an  oft-quoted  case  published  by  Eighetti  in  which 
he  specifically  speaks  of  "polyneuritis"  in  a  case  of  pellagra.  This,  as  far 
as  we  have  been  able  to  find,  is  the  only  reference  to  the  occurrence  of 
neuritis  in  pellagra.  The  examination  concerned  only  the  spinal  cord 
and  peripheral  nerves,  and,  while  the  axonal  changes  in  the  gray  matter 
and  sympathetic  system  were  entirely  similar  to  those  described  above, 
there  was  also  a  focal  hematomyelia  in  the  lumbar  region  with  clinical 
symptoms  suggestive  of  such  a  lesion.  It  is  even  more  striking  to  find 
that,  as  specifically  stated,  there  was  no  clinical  history  of  pellagra,  and 
the  diagnosis  was  made  chiefly  on  the  grounds  that  the  patient's  mother 
had  had  pellagra,  and  she  was  living  under  conditions  which  favor  its 
occurrence.  Such  a  conclusion  might  be  correct,  but  is  not  justified  by 
the  facts. 

The  interpretation  of  these  changes  is  possible  in  only  one  way, 
namely,  that  such  a  picture  as  that  presented  in  central  neuritis  is  a 
mode  of  reaction  to  some  harmful  agent  circulating  in  the  blood,  acting 
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on  the  axis-cylinder  processes  of  the  neurons  at  some  point  in  their 
course.  Further,  it  seems  clear  that  this  change  may  be  brought  about 
by  various  ultimate  causes,  although  it  is  conceivable  that  the  actual 
excitant  of  the  reaction  is  the  same  in  all  and  a  product  of  body  metab- 
olism under  morbid  conditions. 

2.    Direct  Cell  Reaction. — The  result  of  immediate  injury  to  the  cell. 

Under  this  heading  no  distinctions  can  be  drawn  between  the  interval 
and  recent  cases.  The  various  types  of  cell  met  with  may  be  grouped 
under  the  following  headings : 

Type  1. — Cell  body  shrunken  and  distorted  with  crenated  edges  but  in  some 
cases  normal  in  size,  more  or  less  uniformly  staining,  pale  in  color.  Nucleus  rich 
in  chromatin. 

Type  2. — Similar  cell  bodies  with  pale  nucleus  which  may  be  of  the  same 
color  or  lighter  than  that  of  the  cell  body  which  may  be  reticulated.  Within 
the  nucleus  or  nucleolus  are  granules  staining  a  bluish  green  with  thionin.  In 
some  of  these  the  nucleus  is  lost,  with  or  without  the  nucleolus. 

Type  3. — Shrunken,  uniformly  dark-staining  cell  body  and  dark  nucleus  some- 
times filling  almost  the  whole  cell. 

Type  4. — Simple  chromatolysis.  Body  normal  or  a  little  larger.  Nissl  gran- 
ules are  scattered  diffusely  throughout,  rarefied  and  pale  or  present  only  as  a 
fine  dust.  Nucleus  approximately  normal  in  staining  and  position.  Nucleolus 
dark. 

Type  5. — Shadow  cells,  a  more  extreme  degree  of  the  same  type  as  the  last. 
Nucleus  absent.     The  outline  of  the  cell  indistinct. 

Type  6. — Vacuolated  cells.  Nucleus  present.  No  Nissl  bodies.  The  cell 
body  contains  vacuoles. 

All  the  above  types  of  cell  change,  w-ith  the  exception  of  Types  5  and 
6,  are  found  in  all  regions  of  the  cortex  in  all  cases,  although  generally 
most  marked  in  the  central  and  paracentral  convolutions.  Either  shadow 
or  vacuolated  cells  were  present  in  all  but  four  of  fourteen  cases.  Similar 
changes  belonging  more  especially  to  Type  3  were  also  found  in  the  cells 
of  the  gray  matter  in  the  cord,  most  noticeably  in  the  posterior  cornua. 

In  association  with  these  direct  types  of  cell  reaction  there  was  more 
or  less  well-marked  satellitosis.  Such  cell  changes,  first  described  by 
Xissl,  have  been  the  subject  of  numerous  investigations  (Marinesco,  van 
Gehuchten).  Marinesco,  in  particular,  contrasts  them  with  those  we  have 
described  under  the  head  of  indirect  or  axonal  reactions  and  considers 
that  they  are  the  result  of  direct  injury  to  the  cells  themselves.  Some  of 
the  types  belong  to  the  picture  of  acute  change  and  have  been  produced 
experimentally  by  the  administration  of  various  intoxicants,  such  as 
lead,  arsenic,  etc.,  and  are  also  observed  in  the  acute  infectious  diseases; 
others  are  more  chronic  and  represent  the  result  of  subacute  or  chronic 
poisoning.  A  further  indication  that  these  changes  are  the  result  of 
intoxication  of  the  cells  directly  by  noxious  agents  is  also  shown  by  the 
presence  of  satellitosis,  which,  as  we  have  mentioned,  is  absent  around 
the  cell  shoAving  the  indirect  or  axonal  type  of  reaction.    The  other  glial 
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reactions  found  in  the  cortex  and  white  matter  must  also  be  regarded  as 
indications  of  active  acute  and  chronic  disease  processes,  showing  both 
progressive  and  regressive  types  of  changes. 

The  relation  of  these  changes  to  pellagra  is  extremely  diflScult  to 
determine.  The  fact  that  they  are  present  in  the  interval  cases  cannot 
be  considered  as  excluding  a  dependence  on  the  pellagrous  disorder,  for 
similar  changes  can  unquestionably  be  brought  about  by  various  toxic 
agents  and  must  be  regarded  as  merely  a  type  of  reaction  to  damage.  All 
the  interval  cases  were  suffering  from  infections  which  might  well  cause 
a  similar  reaction  to  that  of  pellagra.  Attention  should  also  be  called  to 
the  fact  that  two  of  our  patients  were  suffering  from  pellagra  without 
complicating  psychosis  or  infectious  disorder  and  hence  one  would  be 
inclined  to  attribute  the  direct  cell  reactions  and  glial  changes  found  in 
them  to  pellagra.  In  order  definitely  to  settle  the  question  of  the  pres- 
ence of  chronic  cell  change  with  satellitosis  as  a  part  of  the  pellagrous 
disease  during  the  period  when  there  are  no  clinical  s5'mptoms  observable, 
it  would  be  necessary  to  study  uncomplicated  (especially  by  chronic 
mental  disorders)  interval  cases  in  which  the  patients  died  at  a  sufficient 
length  of  time  after  the  acute  attack  to  permit  the  disappearance  of  the 
nerve  lesions  which  result  from  such  acute  exacerbation.  This  unfortu- 
nately, we  have  so  far,  been  unable  to  do.  The  question  is  an  important 
one,  for  if  such  changes  do  persist,  there  would  be  ample  basis  for  the 
occurrence  of  a  more  chronic  dementing  pellagrous  insanity,  the  existence 
of  which  must  be  still  considered  as  sub  judice. 

Fibril  Changes  (Plate  I,  Figs.  11-18). — The  neurofibrils  were  success- 
fully stained  in  ten  of  our  cases  and  showed  similar  changes  in  all,  includ- 
ing the  interval  cases.    The  changes  found  consisted  in : 

1.  Agglutination. 

2.  Fragmentation. 

3.  Loss  of  fibrils  (in  small  cells  only,  with  one  exception  referred  to 
below). 

4.  A  peculiar  encircling  of  the  nucleus  and  pigment  masses  with 
agglutinated  fibrils,  not,  as  far  as  we  are  aware,  previously  described  in 
pellagra. 

In  only  one  case  (senile  dementia  of  severe  grade)  were  the  fibrils 
found  to  be  absent  in  large  cells.  In  this  case  the  fibrils,  when  present, 
showed  the  reticular  formation  usual  in  senile  dementia. '  This  case  also 
showed  advanced  chronic  Nissl  changes  in  the  cells,  with  reticulated  pro- 
toplasm and  extreme  fatty  pigmentation. 

The  reports  of  fibril  changes  in  pellagra  are  somewhat  scanty.  Parhon 
and  Papinian  report  one  case  in  which  they  found  complete  loss  of  fibrils 
in  the  large  pyramidal  and  Betz  cells.  This,  as  already  pointed  out,  is 
certainly  the  exception.    The  neurofibrils  have  been  the  subject  of  exten- 
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Legends  for  Plate 

Figs.  1-4. — Cells  showing  axonal  type  of  reaction.  1  and  2  from  the  cerebral 
cortex;  3,  from  the  spinal  anterior  cornu;  4,  from  a  sympathetic  ganglion.  (Nissl 
staining.) 

Figs.  5-6. — Pyramidal  cells  from  the  cerebral  cortex  showing  fatty  degenera- 
tion.     (Nissl   staining.) 

Figs.  7-8. — Pyramidal  cells  from  the  cerebral  cortex  showing  basophilic 
degeneration.      (Thionin.) 

Fig.  9. — Cortical  pyramidal  cell  showing  axonal  change  and  fatty  degenera- 
tion.     (Osmic  acid  and  toluidin  blue.) 

Fig.  10. — Fatty  degeneration  and  axonal  change  in  a  cortical  pyramidal  cell. 
(Scharlach  and  hematoxylin.) 

Figs.  11-18. — Fibrillary  changes.  (Bielschowsky.)  In  14  note  the  double 
ring  formation.  Figure  18  represents  the  neurofibril  jiicture  in  a  cell  showing 
axonal  change. 

Fig.  19. — Astrocyte  ( Spider  cell )  undergoing  cystic  degeneration.  Note  the 
thick  insertion  foot.      (Alzheimer  IV.) 

Fig.  20. — Astrocyte  showing  twisted  insertion  process.      (Alzheimer  IV.) 

Fig.  21. — Astrocyte  undergoing  ameboid  transformation.      (Alzheimer  IV.) 

Fig.  22. — Astrocyte  with  thickened  insertion  process.     (Alzheimer  IV.) 

Fig.  23. — Ameboid  glia  cell.      (Alzheimer  IV.) 

Figs.  24-25. — Ameboid  glia  cells  with  coarse  granulations.      (Alzheimer  IV.) 

Fig.  26. — Amyloid  bodies  about  a  vessel.      ( Unna-Pappenheim.) 

Fig.  27. — Central  canal  of  cord  showing  distortion  and  gliosis. 

Figs.  28-34. — Inclusion  forms  in  muscle  and  adventitial  cells  of  small  vessels 
from  Case  1.  Figure  28  shows  the  number  of  these  bodies  under  a  low  power. 
Note  the  apparent  mitotic  figures  in  Figures  32  and  33.  Figure  34  is  a  trans- 
verse section.     (Thionin.) 
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sive  study  in  recent  times  (Bielschowsky,  Simchowicz,  Alzheimer,  Fuller 
and  many  others),  and  there  is  a  strong  tendency  to  regard  them  as  of 
extreme  importance  in  the  nervous  functions  of  the  neuron.  If  this  is 
correct  it  seems  probable  that  a  complete  loss  of  fibrils  must  mean  a  com- 
plete loss  of  function  and  most  likely  an  impossibility  of  recovery  of  the 
neuron  in  question.  The  clinical  study  of  pellagra  would  make  the 
presence  of  this  sequence  of  events  in  this  disease  at  least  highly 
improbable. 

It  is  interesting  to  note  that,  in  spite  of  the  advanced  age  of  some  of 
the  patients  studied  by  us,  no  Eedlich-Fischer  plaques  were  found  and 
none  of  the  Alzheimer  basket-cells  were  encountered.  Three  other  cases 
besides  the  one  mentioned  above  showed  senile  reticular  fibril  dis- 
tribution. 

In  all  cases  there  was  noted  a  marked  paucity  of  processes  in  the 
larger  cells  which  was  especially  striking  in  the  specimens  impregnated 
with  silver. 

Pigmentary  Degeneration  (Plate  I,  Figs.  9,  10).  —  Pigmentary 
changes  were  marked  in  all  cases,  including  even  those  of  younger  age. 
This  pigment  was  present  in  all  types  of  cell  change,  as  well  as  in  cells 
showing  normal  staining  and  formed  a  very  prominent  feature  in  the 
Betz,  large  pyramidal  and  other  cells  showing  axonal  change.  The  pig- 
ment stained  black  with  osmic  acid,  red  with  scharlach  and  blue  with 
nilblue  sulphate.  It  formed  large  masses  at  the  base  of  the  cell,  some- 
times extending  around  the  displaced  nucleus  and  into  the  protoplasmic 
processes.  In  many  of  the  cells,  basophil  and  fibrinoid  granules  were 
present  in  the  nucleus. 

Pigmentary  deposits  of  fatty  character  of  some  degree  may  be  con- 
sidered as  a  normal  phenomenon  and  the  amount  unquestionably 
increases  with  advancing  age  (Marinesco  and  others).  Nevertheless, 
they  have  been  found  in  a  child  of  only  two  years  (Pilcz).  They  are,  in 
general,  considered  to  be  the  result  of  a  failure  to  remove  all  products  of 
metabolism,  whether  this  be  due  to  faulty  elimination  or  excessive  pro- 
duction. Some  have  regarded  them  as  the  result  of  degeneration  of  the 
chromatin  material  of  the  cell  (Babes).  There  can  be  no  question  that 
in  the  cases  studied  here  they  are  of  pathological  extent,  far  exceeding 
the  amount  in  which  present  even  at  an  advanced  age.  This  change  in 
the  nerve  cells  of  pellagrins  has  been  emphasized  by  many  authors, 
notably  Kozowsky. 

5.  Nerve  Fibers. — With  the  March i  stain  the  brains  showed  diffuse 
scattered  degeneration  of  radial  fibers  in  the  cortex,  but  none  was  found 
in  the  supraradiary  or  tangential  fibers.  Nowhere  did  they  form  definite 
bundles. 
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lu  the  spinal  cord  a  few  scattered,  degenerated  fibers  were  present  in 
all  regions,  not  in  any  way  systemic,  involving  perhaps  to  the  greatest 
extent  the  posterior  columns,  and  especially  the  subpial  fibers  in  two 
cases.  The  crossed  pyramidal  tracts  did  not  seem  to  be  more  affected 
than  the  other  regions  and  in  some  cases  were  practically  free. 

The  anterior  and  posterior  roots  showed  a  few  degenerated  fibers, 
sometimes  more  marked  in  the  cervical,  sometimes  in  the  lumbar  region. 
In  two  cases  the  number  of  blackened  fibers  was  quite  marked. 

It  is  somewhat  striking  that  the  pyramidal  tracts  show  so  little 
Marchi  degeneration  in  view  of  the  extremely  widespread  axonal  change 
in  the  Betz  cells  of  the  cortex.  This  is  especially  important  because  the 
axonal  changes  are  considered,  as  described  above,  to  be  the  consequence 
of  damage  to  the  axone.  Under  this  hypothesis  one  can  only  assume  that 
the  damage  has  not  been  sufficiently  intense  in  most  neurons,  to  cause 
degeneration  of  the  nerve  fiber,  while  yet  enough  to  produce  tigrolysis. 
On  the  other  hand,  it  would  perhaps  be  well  to  bear  in  mind  that  similar 
changes  in  the  cell  may  conceivably  arise  in  other  waj's,  as,  for  instance, 
has  been  demonstrated  by  Warrington,  in  anterior  cornual  cells,  as  the 
result  of  section  of  the  dorsal  roots.  In  the  cases  here  studied  the  former 
explanation  has  been  considered  the  more  probable,  especially  in  the  light 
of  the  recovery  of  the  Betz  cells  seen  in  the  interval  cases. 

WoUers-KuItschitzky  Method. — In  tlie  cortex  we  attach  no  signifi- 
cance to  the  fact  that,  in  some  cases,  there  was  poor  staining  of  the 
tangential  and  supraradial  fibers  for  the  reason  that,  in  such  cases,  the 
amount  of  staining  appeared  to  depend  entirely  on  the  degree  of  differ- 
entiation. The  need  for  care  in  interpreting  such  findings  has  been 
emphasized  by  Binswanger,  Xissl,  Alzheimer  and  others.  Apart  from 
this  no  definite  changes  were  found  in  the  brain.  One  case  showed  a 
cerebellar  atrophy  with  defect  in  staining  which  can  have  no  relation  to 
pellagra. 

In  the  cord  all  eases  showed  some  loss  of  staining  in  Goll's  column 
which  was  situated  in  most  instances  in  the  center  of  the  column  border- 
ing the  middle  line.  In  a  few  it  extended  forward  to  tlie  commissure, 
and  in  some  involved  fibers  scattered  throughout  the  whole  column. 
Under  a  high  power  the  degeneration  was  seen  to  affect  quite  scattered 
fibers,  the  majority  being  well  stained,  and  from  its  situation  it  would 
appear  to  involve  the  endogenous  fibers  belonging  to  the  septo-marginal 
area  and  those  of  the  cornu-commissural  zone  rather  tlian  tlie  main 
ascending  tract. 

In  most  cases  this  change  in  Goll's  column  was  most  marked  in  the 
cervical  and  might  be  entirely  absent  in  the  lumbar  and  lower  dorsal 
region.  In  one  case  it  was  more  marked  in  the  dorsal  than  the  cervical 
region.    In  two  it  extended  up  to  the  medulla.    In  two  cases  similar  pale 
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staining  was  found  in  the  crossed  pyramidal  tracts,  in  three  in  Lissaner's 
tract,  in  one  in  the  lateral  basis  bundle,  and  in  two  in  the  lateral  limiting 
layer  of  Flechsig. 

The  fiber  degenerations  in  pellagra  have  been  studied  by  numerous 
authors,  notably  Tuczek,  Marie  and  Lombroso.  The  older  authors 
claimed  to  find  definite  systemic  degeneration,  generally  a  combined 
postero-lateral  sclerosis.  Later  work,  however  (Spiller  and  Anderson, 
et  al.)^  seems  to  show  clearly  that  systemic  degenerations  are  certainly 
exceptional,  and,  as  will  be  seen  in  the  cases  we  have  studied,  they  are 
not  present. 

6.  Amyloid  Bodies  and  Pigment  Granules. — An  excess  of  amyloid 
bodies  is  present  in  all  cases  and  lias  attracted  the  attention  of  many 
writers.  In  many  of  our  specimens  they  are  present  in  very  large  num- 
bers, both  in  the  brain  and  in  the  spinal  cord.  They  occur  beneath  the 
ependyma,  along  the  vessels,  in  the  thickened  glia  of  the  most  superficial 
layers  of  the  cortex  and  periphery  of  the  spinal  cord  and  also  around  the 
central  canal.  The  origin  of  these  bodies  has  been  much  discussed. 
According  to  the  older  views  they  represent  degenerated  axis  cylinders  or 
myelin  sheaths  (Siegert,  Wolf  and  others)  or  glia  cells  (Obersteiner, 
Eedlich  and  others).  Obersteiner  suggests  that  they  are  degenerative 
products  occurring  within  the  glia  cell  body  which  are  at  first  surrounded 
by  a  layer  of  fat,  and  that  when  the  cell  undergoes  disintegration  these 
bodies  are  set  free  and  the  fatty  envelope  is  dissolved.  Eecently,  Alz- 
heimer has  suggested  that  they  do  not  exist  in  the  solid  form  during  life, 
but  are  the  result  of  precipitation  of  certain  material  from  the  tissue 
juices  by  the  fixing  fluids.  Their  meaning  is  not  by  any  means  clear, 
but  they  occur  especially  in  chronic  degenerative  conditions  such  as  the 
senium,  etc. 

The  pigmentar}^  degenerations  of  nerve  cells  have  already  been  dis- 
cussed and  it  is  only  necessary  here  to  mention  the  presence  of  free  pig- 
ment granules  of  fatty  and  fibrinoid  nature  in  the  tissues  and  perivascular 
lymph-spaces  in  all  cases.  In  five  of  our  cases  there  were  also  present 
granules  taking  a  basic  stain.  These  various  granules,  specially  studied 
by  Alzheimer,  are  found  in  all  chronic  degenerative  conditions. 

SUMMARY 

There  is  present  in  the  acute  attack  of  pellagra  and  in  the  interval 
cases  a  picture  compounded  of  acute  and  chronic  types  of  reaction.  The 
acute  changes  include  direct  and  indirect  chromatolysis  of  nerve  cells, 
satellitosis,  astroeytosis  and  the  presence  of  ameboid  glia  cells.  Under 
this  heading  would  also  come  a  very  moderate  amount  of  perivascular 
infiltration  which  indicates  general  intoxication. 
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The  perivascular  infiltration  of  the  acute  attack  is  not  more  marked 
than  that  found  in  the  interval  cases.  This  might  be  used  as  a  further 
argument  against  an  acute  local  infection  of  the  nervous  system  during 
the  acute  outbreak  of  the  disease. 

The  chronic  changes  include  fatty  and  fibrinoid  degenerations,  chronic 
Nissl  changes  of  the  nerve  cells,  increase  of  glia  fibers,  regressive  changes 
of  the  glia  cells,  permanent  destruction  of  nerve  fibers  and  a  marked 
increase  of  amyloid  bodies.  Chronic  vascular  changes  were  found  only 
in  cases  of  chronic  alcoholism  and  senility. 

In  addition  to  these  changes,  especial  emphasis  should  be  laid  on  the 
constant  presence  in  all  cases  examined  where  death  had  ensued  during 
or  soon  after  an  acute  attack  of  pellagra,  of  the  reaction  known  as  central 
neuritis.  Furthermore,  this  t}T)e  of  change  was  found  to  have  almost 
entirely  disappeared  in  two  patients  dying  eighteen  months  after  an 
attack,  while  still  definitely  present,  though  in  mild  degree,  in  a  third 
patient  dying  three  and  one-half  months  after  such  an  attack. 

It  would  therefore  appear  that  the  acute  attack  of  pellagra  is  often, 
if  not  always,  accompanied  by  some  general  intoxication  of  special  kind 
which  disappears  in  some,  if  not  all,  cases  in  which  recovery  occurs.  It 
must  not  be  forgotten,  however,  that  a  similar  reaction  is  found  in  dis- 
eases other  than  pellagra. 

COXCLUSIONS 

1.  The  acute  pellagra  attack  is  accompanied  by  evidence  of  both  acute 
and  more  chronic  intoxication. 

2.  In  common  with  other  intoxicative  conditions,  the  acute  pellagra 
attack  gives  rise  to  a  "central  neuritis"  reaction. 

3.  ISTone  of  the  changes  are  characteristic  of  this  particular  form  of 
intoxication. 

4.  There  is  no  evidence  of  a  local  infection  of  the  nervous  system 
with  micro-organisms. 

5.  From  our  cases  it  is  impossible  to  determine  whether  the  more 
chronic  changes  found  in  the  absence  of  a  recent  pellagrous  exacerbation 
belong  to  the  pellagra  picture. 

6.  There  is  no  evidence  to  show  that  chronic  vascular  changes  are 
essential  to  the  picture  of  pellagra. 
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BLOOD-PEESSUEE  YxlEIATIONS  AS  INFLUENCED  BY  EAPID 

CHANGES  IN  ALTITUDE.    A  STUDY  OF  100 

NOEMAL    MEN* 

F.    E.    CLOUGH,    M.D. 

LEAD,    SOUTH    DAKOTA 

In  view  of  the  fact  that  doctors  practicing  at  moderatel}'  high  alti- 
tudes are  being  told  repeatedly  by  their  patients  that  they  must  leave  the 
country  on  account  of  their  health  and  the  influence  the  altitude  has  on 
their  condition,  a  series  of  readings  was  taken  to  see  if  a  change  of  from 
1,400  to  1,700  feet  would  be  of  any  importance  on  the  blood-pressure. 

The  Homestake  Mining  Company,  through  whose  courtesy  this  work 
was  carried  on,  is  a  gold  mining  concern  whose  underground  workings 
are  naturally  ventilated.  This  is  accomplished  by  having  shafts  in  differ- 
ent gulches,  widely  separated  from  each  other,  the  current  of  air  in  some 
of  them  being  downward,  in  others  upward.  The  mine  is  quite  free  from 
gases  because  the  character  of  the  rock  does  not  generate  any  pe?-  se.  A 
small  amount  of  carbon  dioxid  is  present,  due  to  the  decomposition  of 
dynamite,  the  burning  of  candles  and  acetylene  lamps,  and  the  exhala- 
tions of  the  miners.  At  the  surface  the  humidity  is  very  slight,  while  in 
the  mine  the  air  is  practically  saturated. 

The  elevation  of  Lead,  South  Dakota  (pronounced  Leed)  is  5,250  feet 
above  sea  level.  The  shaft  is  1,700  feet  deep,  having  an  altitude  at  its 
bottom  of  3,550  feet. 

The  following  table  shows  the  barometric  pressure  at  the  different 

locations  cited  in  this  article : 

Altitude  Approximate  ]\Iean 

Place                                      Above  the  Sea                 Barometric  Pressure 

Feet  Inches             IMillimeters 

Rea  level    0  30.                        760 

Lead,   So.   Dai<ota 5250  24.55                     622 

1700-foot  level    3550  26.20                     663 

There  is  thus  a  difference  of  1.65  inches  barometric  pressure  between 
the  top  and  the  bottom  of  the  mine. 

The  readings  were  taken  on  the  miners  of  this  company  as  they  were 
preparing  to  go  down  the  shaft  to  work  and  again  as  soon  as  the  bottom 
was  reached.  Again,  the  readings  were  taken  at  the  bottom  after  a  day's 
work  and  then  at  the  top  as  soon  as  the  ascent  had  been  made.  To  make 
the  descent  Jhe  men  stood  on  a  cage  or  elevator  and  went  down  1,700  feet 
in  approximately  two  minutes.  Coming  up,  the  journey  was  more  rapid, 
only  one  minute  being  necessary.     No  attempt  Avas  made  to  pick  out 

♦Submitted  for  publication  March  27,   \'.)U. 
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special  men,  for  the.y  were  taken  just  as  tliey  came.  They  were  of  all 
ages  and  conditions  and  represent  eight  nationalities  —  Americans,  Eng- 
lish, French,  Austrians,  Finns,  Germans,  Italians  and  Scandinavians.  No 
attempt  was  made  to  find  out  the  history  of  previous  diseases.  These 
men  were  so  healthy  that  they  were  able  to  carry  on  manual  labor  for 
eight  hours  each  day,  and  none  seemed  to  be  worn  out  after  the  day's 
work. 

All  readings  were  taken  in  the  standing  position,  the  only  practical 
way  under  the  circumstances.  The  instrument  used  was  a  standard 
mercury  sphygmomanometer  with  a  5-inch  cuff  placed  above  the  elbow. 

As  stated  above,  the  altitude  at  the  top  is  5,250  feet,  at  the  bottom 
3,550  feet. 

The  100  men  were  divided  as  to  ages  as  follows: 

20  to  30 51 

31  to  40 31 

41  to  50 13 

51  to  60 5 

The  average  age  is  32.42  years. 

The  following  readings  were  taken  (systolic)  : 

Descending  Ascending 

Average  at  surface....      146.45  mm.  Average  at  bottom....      145.27  mm. 

Average  at  bottom....      141.07   mm.  Average  at  surface....      139.94  mm. 

The  average  pressure,  according  to  decades,  was  a  follows : 

I 20  to  30  years.     51   men  ^ 

Descending  Ascending 

Average  at  surface....      145.33  mm.  Average  at  bottom....      144.19  mm. 

Average  at  bottom....      139.31  mm.  Average  at  surface....      138.43  mm. 

r 31  to  40  years.     31   men  , 

Descending  Ascending 

Average  at  surface....      144.28  mm.  Average  at  bottom....      141.25  mm. 

Average  at  bottom....      138.96  mm.  Average  at  surface....      137.35  mm. 

, 41   to  50  years.      13  men  ^ 

Descending  Ascending 

Average  at  surface....      150.30  mm.  Average  at  bottom 156.61   mm. 

Average  at  bottom....      150.77  mm.  Average  at  surface....      159.23   mm. 

, 51   to   60   years.      5   men   , 

Descending  Ascending 

Average  at  surface....      157.60  mm.  Average  at  bottom....      152.       mm. 

Average  at  bottom....      146.40  mm.  Average  at  surface....      147.60  mm. 

Maximvm  Pressure  by  Decades 

Descending  Ascending 

Top         Bottom  Bottom        Top 

20  to  30  years 198  204  186  194 

31   to  40  years 210  202  190  172 

41   to  50  vears* 222  226  208  208 

51  to  60  years 210  184  170  166 

Minimum  Pressure  by  Decades 

Descending  Ascending 

Top         Bottom  Bottom  Top 

20  to  30  years 112             105  116  116 

31  to  40  years 126             116  110  102 

41   to  50  years* 222             226  208  208 

51   to  60  years 136             120  116  110 

*lmmediately  after  this  reading  this  man  developed  marked  signs  of  pulmon- 
arv  tuberculosis  and  is  now  unable  to  work  on  that  account. 
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The  Greatest  Variation 
Descending  Ascending 

Age  Top         Bottom  Age  Bottom         Top 

35 121      to      142  40 120      to      150 

37 142      to      110  26 208      to      178 

Vakiatioxs    for    100   Men 

Descending  Ascending 

Blood-pressure  increased 27  Blood-pressure  increased 24 

Blood-pressure  decreased 61  Blood-pressure  decreased 65 

Blood-pressure,   no  change 13  Blood-pressure,   no  change 11 

Number  of  men  whose  blood-pressure  increased  both  up   and  down 10 

Number  of  men  whose  blood-pressure  decreased  both  up  and  do^vn 43 

Number  of  men  whose  blood-pressure  remained   the   same  either  way 3 

Number  of  men  whose  blood-pressure  was  variable    44 

It  is  of  interest  to  compare  our  readings  on  the  surface  before 
descending  with  those  of  Thayer's  for  normal  cases. 

Thayer's  Cases  Our  Cases  Difference 

20   to   30  years 136.9  145.33  8.43 

30   to   40  years 140.8  144.28  3.48 

40   to   50   years 142.2  150.30  8.10 

50   to   60   years 154.8  157.60  2.80 

CONCLUSIONS 

The  rapid  change  in  altitude,  either  up  or  down,  was  responsible  for  a 
fall  in  blood-pressure  of  approximately  5  mm. 

Lower  readings  were  obtained  from  the  decade  from  30  to  40  than 
from  20  to  30. 

It  was  impossible  to  forecast  by  a  man's  build  or  any  other  factor 
what  influence  the  ride  would  have  on  his  blood-pressure. 

It  was  demonstrated  that  after  a  day's  work  1,700  feet  below  the 
surface  the  average  blood-pressure  was  about  the  same  as  on  the  surface 
before  starting  to  work. 

It  was  demonstrated  that  abnormally  high  blood-pressure  was  not  a 
contra-indication  to  hard  work  under  ground. 

Admitting  that  the  standing  position  is  responsible  for  an  increase  of 
from  4  to  8  mm.,  these  readings  show  that  there  is  little  difference 
between  sea  level  readings  (Thayer's)  and  those  taken  a  mile  above 
the  sea. 

As  factors  influencing  some  of  these  higher  readings,  there  must  be 
taken  into  account  the  facts  that  the  readings  were  taken  in  the  standing 
position,  that  the  men  were,  for  the  most  part,  heavy  users  of  tobacco,  tea 
and  coft'ee,  and  moderate  users  of  alcoholic  beverages.  Only  one  or  two 
men  seemed  to  be  nervous  at  the  time  of  the  examinations. 


SUPEEPEEMEABILITY    IN    XEPHRITIS  * 

WALTER     A.     BAETJER,     M.D. 

BALTIMOEE 

In  a  series  of  studies  of  renal  function  in  the  various  clinical  types 
of  nephritis  undertaken  this  year,  I  have  been  impressed  by  a  striking 
peculiarity  in  the  behavior  to  the  functional  tests  of  four  cases/  all  of 
which,  clinically  and  from  the  urine  examination,  apparently  belong  to 
one  group.  The  one  feature  characteristic  to  all  has  been  a  supranormal 
excretion  of  the  substances  employed  in  the  functional  tests  in  the 
presence  of  undoubted  and  severe  renal  disturbance. 

In  this  connection  it  is  interesting  to  note  the  recent  article  by  Pepper 
and  Austin,-  in  which  these  authors  describe  a  case  apparently  of  the 
same  character  as  those  here  reported.  The  case  cited  was  undoubtedly 
an  instance  of  parenchymatous  nephritis  in  which  the  phthalein  test  on 
one  occasion  showed  an  excretion  of  71  per  cent,  for  two  hours,  and  two 
months  later,  82  per  cent,  for  the  same  time.  There  was,  however, 
evidence  of  definite  impairment  of  the  chlorid  elimination  which  has 
also  been  true  in  our  series. 

In  our  observations  we  have  also  studied  the  fluid  balance,  the  elimin- 
ation of  lactose  and  potassium  iodid  (as  described  by  Schlayer^)  and  the 
percentage  of  rest  nitrogen  in  the  blood-serum.  The  general  response 
of  these  patients  to  all  of  the  tests  was  essentially  the  same,  and  indicated 
in  each  instance,  a  condition  of  increased,  rather  than  diminished  per- 
meability of  the  kidney,  except  as  to  the  elimination  of  sodium  chlorid. 
In  spite  of  this  apparently  normal  function  there  were  other  evidences 
of  a  severe  grade  of  renal  injury  of  the  parenchymatous  type. 

It  is  unnecessary  at  this  time  to  describe  in  detail  the  methods  used 
in  carrying  out  these  tests,  as  they  were  in  general  similar  to  those 
described  by  Rowntree  and  Fitz*  in  their  recent  paper.  Briefly,  they 
were  performed  as  follows : 

Phthalein  Test:  According  to  the  intramuscular  technic  of  the  original 
authors.* 

Lactose  Test:  2.5  gms.  of  lactose  were  dissolved  in  25  c.c.  of  distilled  water, 
pasteurized  for  four  hours  on  four  successive  days  and  then  injected  intravenously. 


*rrom  the  Chemical  Division  of  the  Medical  Clinic. 
•Submitted  for  publication  April  29,  1913. 

1.  These  cases  form  a  part  of  the  whole  group  which  will  be  reported  in  detail 
later. 

2.  Pepper  and  Austin:    Am.  Jour.  Med.  Sc,  February,  1913,  p.  254. 

3.  Schlayer:    Deutsche.  Arch.  f.  klin.  Med.,  Dec.  28,  1910,  ci. 

4.  Rowntree  and  Fitz:    The  Archives  Int.  Med.,  1913,  ii,  258. 

5.  Rowntree  and  Geraghty:    The  Archives  Int.  Med.,  1912,  xix,  284. 
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The  excretion  of  this  substance  was  tested  qualitatively  with  Xy lander's  solution 
and  also  measured  quantitatively  by  the  polariscope.  The  normal  time  for 
excretion  is  from  four  to  five  hours   (Schlayer). 

Fotassium  lodid  Test:  One-half  gram  was  given  by  mouth,  and  the  urine 
tested  by  Sandow's  method.  The  completion  of  excretion  within  sixty  hours  is 
regarded  as  normal   (Schlayer). 

Eest  Nitrogen  Test:  After  precipitation  of  the  proteins  by  alcohol,  as  described 
by  Widal,  the  nitrogen  in  the  filtrate  was  estimated  by  the  Kjehldahl  process. 
Xormal  serum  so  treated  contains  .4  to  .6  gm.  per  liter. 

A  short  history  of  the  individual  cases  might  be  of  advantage  before 
considering  them  in  detail  with  regard  to  their  behavior  toward  the 
functional  tests. 

Case  1. — Clinical  Diagnosis:    Chronic  Xephritis. 

A  boy  of  15  years  complained  of  swelling  of  the  face  and  legs.  There  was  a 
past  history  of  scarlet  fever  at  the  age  of  2  years  and  some  increased  frequency 
of  micturition  in  the  past  year. 

His  present  trouble  began  one  year  before  admission  to  the  hospital  with 
swelling  of  his  face  and  legs  which  disappeared  during  the  summer  months  and 
reappeared  again  in  October,  1912. 

Physical  examination  showed  some  puffiness  of  the  eyelids  and  moderate  edema 
of  the  ankles  and  feet.  Otherwise  the  examination,  including  the  eye-grounds, 
VVassermann  and  tuberculin  reactions  was  entirely  negative. 

There  was  a  moderate  anemia  with  4.000,000  R.  B.  C.  and  50  per  cent.  Hbg. 
(Sahli). 

The  blood-pressure  was  150  mm.  (Tycos)  on  admission,  but  fell  rapidly  to  130. 

The  urine,  during  three  Aveeks  observation,  showed  constantly  7  to  12  grams 
of  albumin  per  liter,  with  a  moderate  number  of  hyaline  and  granular  casts; 
specific  gravity  1.013  to  1.023;  reaction  acid. 

There  was  no  fever. 

Functional  Eenal  Tests :  Phthalein  was  excreted  to  the  extent  of  75  per  cent, 
after  one  hour,  and  85  per  cent,  after  two  hours. 

Lactose  was  detected  only  in  specimens  for  the  first  two  hours. 

Potassium  iodid  was  still  being  excreted  after  seventy-two  hours. 

The  rest  nitrogen  of  the  serum  was  .33  gm.  per  liter. 

The  fluid  balance  was  normal  on  an  intake  varying  from  600  c.c.  to  1.500  c.c. 
in  twenty-four  hours. 

Sodium  Chlorid:  On  an  excess  intake  of  7  gm.  he  excreted  but  2  gm.  extra 
in  the  urine  and  gained  I14  pounds  in  weight  in  twenty-four  hours. 

Case  2. — Clinical  Diagnosis:    Chronic  Nephritis. 

This  patient  was  a  man  of  35  years,  complaining  of  swelling  of  the  feet  and 
ankles.  He  had  had  the  usual  infections  of  childhood,  including  scarlet  fever  at 
the  age  of  11  years,  but  without  any  history  of  sequelae.  For  the  past  year  he 
had  noticed  some  increased  frequencj'  of  urination. 

The  onset  of  his  present  symptoms  occurred  three  weeks  before  his  admission 
to  the  hospital  with  nausea  and  vomiting,  marked  dyspnea  on  exertion  and  edema 
of  the  feet,  which  had  been  increasing  up  to  the  time  he  applied  for  treatment. 

The  physical  examination  showed  some  edema  of  the  face  and  rather  marked 
swelling  of  the  ankles  and  feet.  His  heart  was  of  normal  size  and  the  liver  not 
enlarged;  in  short,  there  was  no  evidence  of  broken  compensation.  The  eye- 
grounds,  Wassermann  and  tuberculin  reactions  were  negative. 

There  was  a  moderate  grade  of  anemia  with  3.800,000  red  blood-cells  and 
60  per  cent.  Hgb.   (Sahli). 

The  blood-pressure  was  190  mm.  (Tycos)  on  admission,  but  fell  rapidly  to  140. 

Cystoscopic  examination  was  negative;  phthalein  appeared  in  seven  minutes 
on  both  sides  and  the  amount  of  urine  was  the  same  from  each  kidney,  thus 
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excluding  a  unilateral  lesion,  possibly  of  a  tuberculous  nature,  as  was  at  first 
suspected.  The  urine  during  a  period  of  two  months  showed  2  to  4  gm.  of  albumin 
per  liter,  with  hyaline  and  granular  casts,  and  occasionally  a  few  red  blood-cells. 
The  reaction  was  acid,  and  the  specific  gravity  1.010  to  1.015. 

There  was  a  persistent  fever  varying  between  99  and  101  F.  for  the  first  two 
weeks;  after  this  the  temperature  remained  normal  until  his  discharge  from  the 
ward. 

Functional  Renal  Tests:  Phthalein  was  eliminated  to  the  extent  of  45  per 
cent,  in  each  of  the  first  two  hours,  making  a  two-hour  total  of  90  per  cent. 

Lactose  was  detected  in  the  urine  for  six  hours,  which  is  generally  given  as 
the  upper  normal  limit  of  time. 

Potassium  iodid  was  excreted  for  sixty-eight  hours. 

The  rest  nitrogen  of  the  serum  was  .4  gm.  per  liter. 

The  fiuid  balance  was  normal  on  an  intake  from  1,000  to  1,600  c.c.  per  day. 

Sodium  Chlorid:  On  an  excess  ingestion  of  7  gm.  only  4  gm.  extra  were 
excreted,  but  there  was  no  demonstrable  gain  in  weight. 

Case  3. — Clinical  Diagnosis:  Bilateral  pleurisy  with  effusion;  acute  arthritis; 
chronic  nephritis. 

The  patient  was  a  colored  man,  aged  22,  who  came  to  the  hospital  complaining 
of  a  cough,  pain  in  the  side,  and  swelling  of  the  feet.  His  previous  health  had 
always  been  perfect  until  the  onset  of  his  present  trouble,  which  began  three  weeks 
before  with  the  symptoms  enumerated  above. 

The  physical  examination  revealed  the  presence  of  fluid  in  both  pleural  sacs, 
from  which  the  pneumococcus  was  grown  in  pure  culture.  The  heart  was  normal 
and  the  blood-pressure  115  mm.  (Tycos).  There  was  edema  of  both  feet,  more 
on  the  left,  due  to  a  coexisting  acute  arthritis  of  the  left  ankle. 

The  blood  count  showed  3,000,000  red  blood-cells  and  53  per  cent.  Hgb. 
(Sahli). 

The  temperature  was  irregularly  elevated,  varying  between  100  and  104  F. 

Examination  of  the  urine  showed  the  constant  presence  of  albumin,  persist- 
ing until  the  patient  was  discharged,  two  weeks  after  the  fever  had  subsided. 
The  amount,  however,  was  not  large  as  in  the  other  cases.  The  specific  gravitv 
averaged  1.015  and  there  were  a  few  casts  present. 

Functional  Renal  Tests:  The  phthalein  test  revealed  an  excretion  of  72  per 
cent,  for  the  first  hour  and  83  per  cent,  for  two  hours. 

Lactose  was  excreted  over  a  period  of  four  hours. 

The  potassium  iodid  test  was  not  done  as  the  patient  was  receiving  this  drug 
medicinally. 

The  rest  nitrogen  was  .18  per  liter. 

The  fluid  balance  was  good  on  an  intake  between  1,000  c.c.  and  4,000  c.c. 

Sodium  Chlorid:  On  an  excess  intake  of  7  gm.,  3.4  gm.  extra  were  excreted 
in  the  urine  and  the  patient  gained  2^,4  pounds  in  twenty-four  hours. 

Case  4. — Clinical  Diagnosis:    Chronic  parenchymatous  nephritis. 

The  patient,  a  girl  aged  20,  complained  of  swelling  of  the  feet.  Her  health  had 
always  been  excellent  until  the  onset  of  her  present  symptoms,  which  followed 
an  attack  of  so-called  "grip,"  eight  months  previously,  after  which  she  first 
noticed  the  edema.  The  persistence  of  this  symptom  was  her  only  complaint  and 
was  likewise  the  only  striking  feature  revealed  by  examination.  Her  circulatory 
system  and  blood-pressure  were  normal.     There  was  no  fever. 

The  urine,  over  a  prolonged  period,  contained  from  7  to  10  gm.  of  albumin 
per  liter;  the  sediment  showed  a  few  epithelial  casts.  Specific  gravity,  1.010  to 
1.020;  reaction  faintly  acid. 

Functional  Renal  Tests:  The  phthalein  test  revealed  an  excretion  of  42  per 
cent,  for  the  first  hour  and  69  per  cent  for  two  hours.  The  test,  repeated  two 
months  later,  showed  57  per  cent,  for  the  first  hour  and  again  69  per  cent,  for 
two  hours. 
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Lactose  was  demonstrable  for  but  one  hour.  Repeated  one  week  later,  it  was 
present  for  two  hours,  and  again,  two  months  later,  it  was  positive  for  four  hours. 
At  the  time  of  the  last  test  the  patient  was  definitely  worse,  showing  a  marked 
salt  retention,  with  a  steadily  increasing  edema. 

Potassium  iodid  was  excreted  for  forty-seven  hours. 

The  rest  nitrogen  was  .16  gm.  per  liter. 

The  liuid  balance,  at  the  time  these  studies  were  made,  was  normal  on  an 
intake  from  1,000  c.c.  to  1,800  c.c.  per  day. 

Sodium  Chlorid:  On  an  excess  intake  of  10  gm.  the  excretion  increased  but 
3.5  gm.,  and  the  patient  gained  2  pounds  in  weight. 

The  brief  outline  of  these  cases  given  above  will  suffice  to  show  their 
striking  similarity,  both  in  the  clinical  picture  presented  and  in  the 
general  character  of  the  urine.  Furthermore,  their  behavior  toward  the 
various  functional  tests,  particularly  in  the  excretion  of  lactose  and 
phthalein,  was  much  the  same.  In  all  there  was  a  remarkably  good 
excretion  of  these  substances  in  the  presence  of  strong  evidence  of 
definite  and  possibly  extensive  renal  changes. 

Their  similarity  is  further  manifest  in  the  uniform  tendency  toward 
poor  elimination  of  sodium  chlorid — a  feature,  also,  of  the  case  described 
by  Pepper  and  Austin.- 

While  one  would  expect  to  find  sporadic  cases  showing  an  anomalous 
excretion  of  any  drug,  the  occurrence  of  four  such  examples  in  a  com- 
paratively short  period  of  time  (less  than  six  months)  would  make  one 
wonder  whether  this  condition  of  such  unusual  permeability  of  the  renal 
filter  were  present  in  a  definite  type  of  the  disease,  or  whether  it  occurred 
at  some  stage  in  the  various  forms  of  nephritis.  A  third  possibility,  of 
course,  would  be  that  these  cases  offer  only  another  example  of  the  well- 
known  hospital  experience,  that  odd  cases  have  a  decided  tendency  to 
come  in  groups. 

In  considering  the  question  of  hvperpermeability,  it  must  be  recalled, 
of  course,  that  many  observers  have  called  attention  to  the  fact  that  in 
chronic  parenchymatous  nephritis  the  functional  tests  failed  to  give  an 
adequate  idea  of  the  severity  of  the  renal  lesion.  Bard,"  and  later  Bard 
and  Bonnet,"  showed  that  the  rapidity  of  elimination  of  methylene  blue 
might  be  normal,  or  even  exaggerated.  Bernard^  and  Castaigne"  also 
support  this  view;  the  former  concluding  that  in  the  earlier  stages  of 
chronic  parenchymatous  nephritis,  "dominated  by  the  presence  of  edema 
and  albuminuria,  the  renal  permeability  is  normal,  or  even  increased." 
"Later,  after  the  disease  has  lasted  for  some  time,  the  permeability 
becomes  diminished."'  Dreyfus,^"  working  with  rosanilin,  found  that 
this  dye  behaved  in  a  similar  manner  with  regard  to  the  rapidity  of 


6.  Bard:    Gaz.  hebd.  de  ra^d.,  Paris,  1897,  ii.  494. 

7.  Bard  and  Bonnett:    Arch.  g6n.  de  m6(\.,  Paris,  1898,  pp.  129,  283,  464. 

8.  Bernard:    Th^se  de  Paris,  1900,  pp.  104-147. 

9.  Castaigne:    Thfese  de  Paris,  1900. 
10.  Dreyfus:    These  de  Lyon.  1898. 
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elimination,  though  the  quantity  secreted  was,  in  his  cases,  less  than 
normal.  In  studying  the  elimination  of  phthalein  in  these  cases,  Eown- 
tree  and  Geraghty^^-  ^  found  no  examples  of  any  apparent  hyperpermea- 
bility  for  this  drug,  although  they  were  aware  that  it  did  exist  for 
methylene  blue  and  rosanilin.  Sellards,^-  however,  cites  one  case  of 
parenchymatous  nephritis  in  which  the  phthalein  output  was  79  per  cent, 
for  two  hours. 

A  glance  at  the  accompanying  table  will  suffice  to  show  that  the 
phthalein  elimination  was  well  above  normal  in  three  out  of  the  four 

Table  Showing  Water  Intake  and  Output  and  the  Excretion  of  Various  Substances  in  the 

Author'  s    Cases 


NaCl 

added 

to   diet, 

Gm. 

Water 

NaCl 

Gm. 

Lactose 

KI 

Phthalein,  Per  cent. 

Rest 
Nitrogen 

Intake 

Output 

1st  hr. 

2d  hr. 

Total 

Gm. 
Per  Liter 

Case  1 

7 

*780 

*Goa 

525 

890 

2.7 
4.6 

2  hrs. 

72  hrs. 
+ 

75 

10 

85 

.33 

Case  2 

7 

1375 
2420 

825 
1250 

4.3 
8.1 

6  hrs. 

68  hrs. 

45 

45 

90 

.4 

Case  3 

7 

1000 
650 

6 
9.4 

4  hrs. 

Not 
given 

72 

11 

83 

.18 

Case  4 

7 

1300 
1450 

1250 
1400 

2.4 
6 

1  hr. 

47  hrs. 

42 

(2  mos. 

later). 

57 

27 
12 

69 
69 

.16 

( 1  week 
later)   . 
2  hrs. 

( 2  wks. 
later) 
4  hrs. 

♦Note. — The  upper  figures  in  each  case  represent  the  average  water  intake  and  excretion  and 
the  NaCl  excretion  for  the  several  days  preceding  the  NaCl  test.  The  lower  figures  are  for  the 
day  on  which  the  excess  NaCl  was  given. 

cases,  and,  in  the  fourth,  was  certainly  well  within  the  normal  limits. 
Two  of  them  showed  a  striking  excretion  of  72  per  cent,  and  75  per  cent., 
respectivel}^,  in  one  hour  —  an  excretion  20  per  cent,  higher  than  was 
found  in  any  of  the  cases  of  parenchymatous  nephritis  reported,^  and 
10  per  cent,  higher  than  occurred  in  the  normal  cases,^  in  which  the  drug 


11.  Rowntree   and   Geraghty:     Jour.    Pharm.    and   Exper.    Therap.,    1910,   vi, 
No.  4,  606-607. 

12.  Sellards:     Johns  Hopkins  Hosp.  Bull.,  October,  1912,  p.  298. 
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■R'as  injected  intramuscularly,  as  it  was  in  these  patients.  The  anemia 
present  could  hardly  have  had  any  influence,  since  it  has  been  shown 
that  in  moderate  grades  there  is  no  variation  in  the  excretion  of 
phthalein,  whereas  severe  anemia  tends  to  decrease  the  output.^ 

Eowntree  and  Geraghty,  whose  experience  with  the  use  of  this  test 
is  far  larger  than  my  own,  are  equally  at  a  loss  to  explain  the  supra- 
normal  excretion  present  in  these  cases,  and  it  was  at  their  suggestion 
that  subcutaneous  injections  of  tetra-chlor-phthalein  (which  is  known 
not  to  be  excreted  by  the  normal  kidney)  was  tried  with  the  hope  of 
demonstrating  an  increased  permeability,  if  such  were  present.  The 
test  was  unsuccessful,  though  it  should  be  added  that  it  was  given  in 
doses  much  smaller  than  what  is  now  known  to  be  the  maximal  amount 
tolerated  by  normal  individuals  without  excretion  in  the  urine. 

The  lactose  test  showed  the  same  tendency  toward  an  increased 
rapidity  of  excretion  that  was  observed  in  the  elimination  of  phthalein. 
The  usual  time  for  excretion,  according  to  Schlayer,"  is  four  to  five 
hours,  and  occasionally  six  hours  in  rare  cases.  In  three  injections  (see 
table)  the  time  of  excretion  was  well  below  noi'mal ;  in  two  more  it  was 
just  four  hours,  which  is  the  lower  limit  of  normal,  while  in  only  one 
was  six  hours  required.  This  might  possibly  be  interpreted  as  a  slight 
delay.  The  percentage  of  excretion  has  been  purposely  not  stated  for  the 
following  reasons:  In  two  of  the  early  eases  the  total  output  was  not 
determined,  since  Schlayer  had  emphasized  chiefly  the  duration  of  excre- 
tion as  giving  the  most  valuable  information.  We  have  evidence,  how- 
ever (which  will  be  brought  out  in  a  subsequent  paper),  which  makes  it 
seem  probable  that  determinations  of  the  total  output  are  most  essential 
in  drawing  proper  conclusions  from  the  test.  Also  there  was  some  fever 
in  two  of  the  patients,  which  seems  to  influence  the  excretion,  although 
Schlayer  has  apparently  not  found  this  to  be  the  case.  It  might  be 
mentioned,  however,  tliat  in  one  test,  in  which  the  duration  of  excretion 
was  only  two  hours,  the  output  was  76  per  cent.,  which,  in  comparison 
with  the  results  in  healthy  people,  is  a  good  normal  figure. 

The  results  witli  the  iodid  test  are  most  interesting.  In  two  out  of 
the  three  cases  in  which  it  was  given,  there  was  a  definite  delay  in 
excretion,  which,  in  connection  with  the  impaired  elimination  of  sodium 
chlorid,  would  seem  to  support  Schlayer's  view  that  the  excretion  of 
these  two  substances  is  the  best  index  of  tubular  function.  On  the  other 
hand,  the  excretion  in  the  third  case  was  complete  at  a  time  well  inside 
the  normal  limit,  while  the  NaCl  elimination  was  similar  to  that  in  the 
other  cases.  It  so  happens  that  the  subsequent  course  of  this  patient  has 
indicated  that  the  tubular  destruction  here  was  severer  than  in  eitlier  of 
the  others. 
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While  it  is  true  that  the  atypical  respouse  of  a  single  isolated  case  is 
in  no  way  conclusive,  it  gives  definite  evidence  that  the  test  is  not 
infallible  and  adds  support  to  the  doubts  as  to  its  value,  which  were 
expressed  by  Eowntree  and  Fitz/  and  in  which,  from  experience  with 
other  cases  (to  be  reported  later),  I  quite  concur.  A  possible  explanation 
of  this  apparent  anomaly  is  that  in  the  very  severe  forms  of  tubular 
destruction  the  iodid  tends  to  be  suppressed  rather  than  delayed. 

The  fluid  balance  and  general  response  to  increased  XaCl  ingestion 
may  be  appreciated  from  a  glance  at  the  accompanying  table,  and  require 
but  a  word  of  explanation.  Both  factors  were  estimated  daily  until  an 
approximate  constant  had  been  reached,  and  sufficient  XaCl  was  given 
to  avoid  tissue  starvation  and  possible  chlorid  retention  from  this  cause. 
The  tendency  toward  impaired  salt  elimination  has  been  common  to  all 
eases  and  it  has  been  the  one  test  in  these  cases  which  gave  evidence  of 
functional  renal  impairment.  This  only  serves  to  emphasize  again  the 
importance  of  determining  the  XaCl  tolerance  in  edematous  cases,  a 
point  whicli  has  been  emphasized  chiefly  by  Widal. 

The  principal  features  of  resemblance  in  these  cases,  then,  have 
been  two : 

1.  Impaired  elimination  of  XaCl. 

2.  Supranormal  excretion  of  lactose  and  pJithalein. 

While  it  is  true  that  these  cases  do  not  in  any  sense  establish  the 
fact  that  increased  renal  permeability  can  exist  — and  this  explanation 
should  be  taken  only  as  a  suggestion  —  the  observations  at  least  indicate 
that  there  may  exist  either  a  definite  type  of  nephritis  in  which  the 
kidney  is  super-permeable  to  some  of  the  substances  used  for  the  func- 
tional tests,  as  well  as  to  serum  albumin,  or  that  this  may  be  merely  a 
transitory  stage  in  certain  types  of  nephritis. 

This  report  is  not,  in  any  sense,  to  be  interpreted  as  a  criticism  of 
functional  kidney  tests,  but  rather  to  emphasize  the  fact,  already  pointed 
out  with  regard  to  methylene  blue  by  Bard,  Bernard  and  others,  that 
there  are  some  cases  at  least,  and  possibly  more  than  we  have  hitherto 
believed,  in  which  certain  functional  tests  may  give  entirely  normal 
results  in  the  presence  of  outspoken  and  serious  renal  changes.  It  has, 
of  course,  long  been  known  that  there  may  exist  definite  anatomical 
lesions  of  the  kidney  without  evidences  of  impaired  function.  The  cases 
here  described,  however,  would  indicate  that  there  may  be  both  definite 
anatomical  lesions,  as  indicated  by  the  urinary  examination,  as  well  as 
definite  functional  impairment,  as  shown  by  the  deficient  XaCl  elimina- 
tion, without  disturbance  in  the  excretion  of  other  substances  used  in 
functional  tests.  Those  who  have  worked  most  in  this  field  have  all 
encountered  cases  in  which  these  tests  revealed  an  elimination  far  better 
than  the  clinical  examination  would  have  led  one  to  suspect.     In  these 


600  THE     ARCHIVES     OF     INTERNAL     MEDICINE 

instances  it  has  usually  been  assumed  that  the  high  excretion  following 
the  functional  tests  justified  a  good  prognosis,  which  ma}^,  of  course,  be 
true  also  in  this  series,  for  none  of  them  has  yet  come  to  autopsy.  It  is 
also  a  well-recognized  fact,  clinically,  that  one  occasionally  sees  a  case 
with  marked  evidence  of  renal  injury  which  goes  on  to  apparently  com- 
plete recovery.  This  question,  however,  only  the  future  can  decide.  It 
is  worth  mentioning  that  two  of  these  patients,  who  have  been  followed 
since,  have  shown  no  evidence,  as  yet,  of  any  definite  improvement  in  a 
period  of  three  to  four  months. 

In  conclusion,  it  might  be  well  to  emphasize  again  some  of  the 
features  which  have  been  most  striking  in  the  study  of  these  cases. 

1.  That  there  exist  cases  of  well-marked  nephritis  with  evidence  of 
impairment  of  renal  function  in  which  certain  tests  reveal  an  eliminative 
power  normal  or  even  above  normal. 

2.  That  these  cases  may  be  more  common  than  we  have  hitherto 
supposed,  judging  from  an  experience  of  four  such  examples  in  several 
months. 

3.  That  the  evidence  from  these  suggests  that  there  may  exist  in  some 
types  of  nephritis  a  stage  in  which  the  kidney  is  hyperpermeable,  at  least 
to  some  substances  used  for  functional  tests,  with  an  elective  imper- 
meability for  chlorids  as  suggested  by  Widal. 

4.  That  it  is  necessary  to  study  renal  function  from  the  standpoint  of 
a  considerable  series  of  functional  tests  rather  than  to  draw  conclusions 
from  the  excretion  of  any  one  drug. 

It  is  a  pleasure  to  thank  Drs.  Thayer  and  Barker  for  the  interest  taken  in 
these  eases  and  for  allowing  these  studies  to  be  made  on  the  patients  under  their 
charge. 

Johns  Hopkins  Hospital. 


ACUTE    UXILATERAL    XEPHEITIS,    AVITH    REPOET 
OF    A    CASE* 

DAVID    RIES:\IAX.    M.D..    and    GEORGE    P.    MtJLLER.    ^iI.D. 

PHII.ADKLPHIA 

Synopsis  of  AittJiors'  Case. — Wouuin.  aged  22  years,  seized  with  sudden  pain 
in  the  left  loin,  radiating  forward  into  the  left  hypochondrium :  rigidity  of 
lumbar  muscles  with  tenderness  in  costovertebral  angle;  fever,  rapid  pulse: 
leukocytosis;  in  urine  albumin,  liyaline  and  granular  casts,  red  blood-cells  and 
pus-cells.  Patient  moderately  septic;  nephrectomy:  kidney  the  seat  of  dissemi- 
nated, suppurative  nephritis.  Patient  made  a  good  recovery  although  some  weeks 
later  it  was  necessary  to  remove  the  submaxillary  gland  for  calculous  inflam- 
mation. 

Pathological  and  clinical  .studies  have  caused  the  belief  to  prevail  that 
acute  hematogenous  inflaunnation  of  the  kidney  is  always  bilateral.  This 
is^  however,  not  the  case ;  but  exceptions  to  the  rule  are  so  rare  and  so 
little  understood  that  reports  of  single  instances  are  not  without  value. 
Acute  unilateral  inflammations  differ  from  the  commoner  types  of  acute 
nephritis  in  that  they  are  of  an  interstitial  character;  rather  inflammatory 
than  degenerative,  and  with  a  strong  tendency  to  the  formation  of 
abscesses.  x4.cute  bilateral  interstitial  inflammation  has  long  been  known. 
It  was  found  by  Councilman^  in  scarlet  fever,  and  has  been  seen  in 
erysipelas,  osteomyelitis,  endocarditis,  and  pyemia.  The  infection  in 
these  cases  is  conveyed  to  the  kidney  by  the  blood-stream.  Su])purative 
inflammation,  pyelitis  and  pyelonephritis,  is  of  course  common  in  associa- 
tion with  stone  and  tuberculosis.  It  is  usually  considered  to  be  due  to 
ascending  inflammation,  although  this  is  by  no  means  clearly  established. 
In  addition,  there  is  a  group  of  borderline  cases,  as,  for  instance,  the 
pyelitis  and  pyelonephritis  of  pregnancy  and  the  puerperium,  in  which 
it  is  difficult  to  say  how  the  inflammation  reaches  the  kidney.  AVe  are 
inclined  to  believe  that  even  in  these  it  is  more  likely  to  be  hematogenous 
than  an  extension  from  below  upward. 

The  particular  type  of  unilateral  nephritis  to  which  we  wish  to  refer 
in  this  communication  is  that  which  attacks  a  person  apparently  well, 
often  without  warning  and  v\-itli  an  unusually  acute  onset.  In  some 
patients  the  progress  of  the  disease  may  be  so  rapid  that  in  a  few  hours 
extreme  prostration  is  observed,  while  in  others  the  course  may  be  pro- 
tracted so  that  several  days  elapse  before  marked  septic  symptoms  are 
noted.  The  patient  complains  of  tense,  throbbing  pain  in  the  loin,  often 
radiating  into  the  anterior  aspect  of  the  abdomen.     There  is  tenderness 


"".Submitted  for  publication   .March   .>.   ini3. 

■'Read  before  the  College  of  Physicians.  Philadelphia.  Nov.  G.  1012. 
1.  Councilman:    Trans.   Assn.   Am.  Phvs.,   1808.  xiii. 
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over  the  same  area.  Ijiit  most  mai'ked  at  the  costovertel)ral  angle,  and  rliis 
is  accompanied  by  rigidity  of  all  the  musele>  of  the  loin  and  of  ihe 
obliqne  muscles  of  the  abdominal  wall.  There  is  fever  of  variable  degree 
with  a  correspondingly  rapid  pulse  and  a  moderate  leukocytosis.  The 
urine  is  rather  scanty  in  amount,  of  high  color  and  turbid  in  appearance. 
It  contains  a  considerable  amount  of  albumin,  and  the  sediment  consists 
largelv  of  casts,  red  blood-corpuscles  and  pus  cells.  Certain  general 
manifestations  such  as  headache,  nausea  and  vomiting,  delirium  and 
even  symptoms  of  uremia  may  api)ear  and  the  patient  looks  and  is 
extremely  toxic. 

In  1895,  Weir-  and  Woodward"'  each  repoited  cases  of  nephrectomy 
for  unilateral  suppurative  nephritis,  but  the  present  surgical  treatment  of 
this  affection  is  mostly  due  to  the  able  teachings  of  Brewer,*  who  has  per- 
sistently called  attention  to  the  subject,  and  in  his  latest  contribution 
reports  an  experience  of  fourteen  cases  of  the  acute  type  and  about  a 
dozen  of  the  mild  type.  Cobb^  collected  eight  cases  from  the  surgical 
wards  of  the  Massachusetts  General  Hospital,  all  of  them  operated  on 
since  1002.  There  are  a  few  other  instances  recorded  in  the  literature, 
and  the  number  is  increasing  so  that  we  shall  soon  become  familiar  with 
the  affection  and  a])proach  its  diagnosis  and  treatment  Avith  more  cer- 
taintv  and  confidence. 

CASE  TIEPORT 

The  case  that  we  havL'  obser\ed  and  of  which  we  have  given  an 
epitome  at  the  besiuning  of  this  article  is  as  follows: 

History. — Mrs.  R.  A.  K..  agrd  22.  liad  measles,  mumps  and  scarlet  fever  when 
a  child:  in  1909  she  had  a  severe  attack  of  typhoid  fever  complicated  with 
hemorrhages,  but  convalescence  was  not  otherwise  interrupted;  she  was  quite 
Avell  during  the  summer  of  1910.  Later  she  was  married.  During  the  early  part 
of  December,  1910.  she  suffered  for  two  weeks  from  general  aches  and  pains 
supposedly  influenzal  in  origin,  after  which  a  vague  pain  persisted  in  the  left 
loin,  and  she  herself  believed  that  some  swelling  was  present,  but  her  physician 
did  not  notice  anything.  December  23,  she  rode  fourteen  miles  into  the  country 
in  an  automobile,  the  day  being  exceedingly  cold.  At  3  a.  m.  on  December  24 
she  awakened  nauseated  and  had  an  attack  of  vomiting;  some  hours  later 
moderate  pain  in  the  left  loin  set  in,  and  there  was  tenderness  and  rigidity; 
the  temperature  rose  to  102  F.  and  the  pulse  to  120;  the  leukocytes  on 
this  day  were  counted  and  found  In  !>:■  7,000,  but  two  days  later  they  had 
risen  to  13,000.  Daily  examination-  of  the  urine  were  made  and  showed  it  to 
be  highly  colored  and  to  cdnlain  alliiiiniii  and  cast-  Iml  nn  ])Us-cells.  The 
attack  gradually  subsided,  the  ])ain  and  tenderness  ilisajjix'ared.  lint  some  rigidity 
persisted.  December  30  she  insisted  on  getting  out  of  bed.  following  which  act 
the  symptoms  recurred,  and  about  thi-  time  it  was  noticed  iliat  pus  was  present 
in  the  urine.     We  saw  her  first  on    Dcr.   :'>1      1910.  at  her   linnic   in   the  country. 


2.  Weir:    Med.   Rec.   New    York,    1S9.-).   xlvi.   325. 

3.  Woodward:  Ann.  Surg.,  1895,  xxi.  58S. 

4.  Brewer:   Surg.,  Gyntc.  and  Obst.,  190(1.  ii,  485:    ilnd..   ]9()S,  vii,  099;  Jour. 
Med.  Soc.  New  Jersey,  i909,  vi,  61:  Yale  Med.  Jour..  1911.  xvii.  237. 

5.  Cobb:    Ann.   siirg.,   1908,  xlviii,   680. 
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Examination. — We  found  a  well-nourished,  rather  pale  youno  woman,  com- 
plaining of  pain  in  the  left  loin  and  left  hypochondrium,  radiating  at  times 
down  to  the  groin  and  sometimes  to  the  back.  Tenderness  to  pressure  existed 
at  the  costovertebral  angle  and  extended  forward  to  the  crest  of  the  ilium.  There 
was  distinct  rigidity  of  the  muscles  in  the  loin  and  a  sense  of  fulness  to  palpa- 
tion although  no  tumor  could  be  detected.  There  was  fever  and  a  rapid  pulse 
and  a  moderate  leukocytosis,  and  urine  analysis  showed  albumin,  with  hyaline 
and  granular  casts,  erythrocytes  and  pus-cells  in  the  sediment.  The  jiatient 
was  not  particularly  prostrated,  although  she  looked  somewhat  septic.  We  made 
a  positive  diagnosis  of  unilateral  infection  of  the  kidney.  As  she  was  a  woman 
with  abundant  vitality  and  energy,  we  believed  it  would  be  safe  to  temporize  a 
few  days  and  await  developments.  Accordingly,  hot  fomentations  were  ordered 
for  the  kidney  region,  and  hexamethylenamin  (urotropin)  and  an  abundance  of 
water,  liquid  diet  and  purgation  were  prescribed.  During  the  next  ten  days 
the  patient  varied  in  her  condition,  sometimes  being  on  the  verge  of  marked 
improvement,  again  having  a  relapse  to  the  condition  just  mentioned, 
linally,  as  the  temperature  continued  around  102  F.,  and  as  her  general  appear- 
ance indicated  an  increasingly  septic  state,  and  as  some  delirium  was  manifested, 
an  operation  was  deemed  advisable.  The  symptoms  were  always  unilateral  and 
always  located  in  the  region  of  the  left  kidney.  She  was  admitted  to  St.  Agnes' 
Hospital  January  11.  1911.  During  the  few  hours  before  operation  the  tempera- 
ture ranged  from  100  to  102  F.:   the  pulse  from  84  to  100. 

Operation. — The  operation  was  performed  Jan.  11,  1011,  under  ether  anes- 
thesia. The  patient  was  placed  in  the  usual  lateral  position  over  a  kidney  pillow 
and  a  curved  incision  was  made  downward  and  inward  from  near  the  costoverte- 
bral angle.  On  opening  the  deep  fascia,  the  perinephric  fat  was  found  infiltrated 
and  inflamed,  bleeding  with  great  readiness.  On  further  exploration  of  the  fat 
in  the  region  of  the  kidney,  an  abscess  was  encountered  containing  3  or  4 
ounces  of  thick  pus.  The  kidney  was  exposed  and  delivered  with  some  difliculty 
and  was  found  to  be  the  seat  of  a  diffuse,  suppurative  process.  Accordingly, 
nephrectomy  was  performed  and  the  wound  packed  with  gauze  and  drained  with 
a  rubber  tube.     Partial  closure  of  the  wound  was  effected. 

Examination  of  the  specimen  was  made  by  Dr.  AUer  G.  Ellis,  Dr.  John 
Speese.  and  ourselves,  and  the  examination  of  the  pus  by  Dr.  Randle  C.  Eosen- 
berger.     The  reports  are  as  follows: 

Macroscopic  Description. — The  kidney  was  about  one  and  one-half  times  the 
normal  size,  intensely  red  and  congested,  with  purple  blotches  of  hemorrhage 
beneath  the  capsule.  Near  the  lower  pole  a  ragged  opening  existed  with 
evidence  of  necrosis  at  its  edges.  In  tliree  other  places  rents  were  found,  evi- 
dently caused  by  trauma  during  ojjci-ation.  It  was  afterward  discovered  that 
at  the  places  hemorrhagic  infarction  existed.  On  section  of  the  kidney  the  entire 
organ  w^as  seen  to  be  intensely  congested,  especially  the  cortical  portion,  and 
to  be  the  seat  of  numerous  miliary  abscesses.  In  the  lower  half,  a  large  wedge- 
shaped  yellow  area  communicated  with  the  opening  before  mentioned  and  which 
had  probably  been  made  at  the  operation.  The  apex  of  tlie  wedge  re])resentcd 
the  ape.x  of  a  pyramid.  One  otlier  sucli  area,  but  somewhat  smaller  in  size  was 
present.  At  the  upper  pole  a  rouiul.  orange-colored  mass  about  4  mm.  in 
diameter  was  discovered:  it  was  11i<ini;lit  1o  Ix'  tuberculosis  but  was  f()uiid  on 
microscopic  examination  to  be  a  hypenicitliioniM. 

Microscopic  Description. — Sections  show  a  hcmoi  iliagic  libiinncclliilnr  exudate 
on  the  surface  of  the  renal  capsule.  At  several  jjoiiits  a  large  amount  of 
hemorrhage  is  present  and  exists  as  ;in  infarct.  The  capsular  vessels  arc  dilated 
and  a  diffuse  leukocytic  infiltration  lM';jin<  licncMtii  (lie  capsule  and  extends 
downward  through  the  cortex  and  MKMJiilJa.  M:iny  nf  tin'  leukocytes  are  of  the 
polynuclear  form.  Tlie  renal  epitludiiim  sjiows  (h^generative  changes  ;ni<i  cluudy 
swelling  with  numerous  ca.sts.     The  stroma  in  some  areas  is  decidedlv  tilnoiis. 
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There  was  no  evidence  of  tuberculosis  in  any  of  tlie  sections  examined  by 
Dr.  Speese,  Dr.  Ellis  or  ourselves.  In  the  specimen  submitted  to  Dr.  Ellis  a  small 
hypernephroma  was  discovered,  with  extensive  connective  tissue  formation. 

Postoperative  History. — The  patient  reacted  from  the  shock  in  a  few  hours; 
afterward  the  temperature  gradually  rose  until  on  the  fourth  day  it  was  103  F. ; 
then  it  slowly  declined  to  the  normal,  which  was  reached  on  the  sixth  day  after 
operation.  The  pulse  remained  high,  rapid  and  weak  for  several  days.  The 
patient  commenced  to  pass  urine  shortly  after  the  operation  and  during  the 
first  twenty-four  hours  17  ounces  were  excreted.  During  the  second  twenty-four 
hours  41  ounces  and  during  the  third  57  ounces  were  voided.  The  amount  of 
urine  during  the  first  ten  days  after  operation  varied  from  33  to  57  ounces,  and 
averaged  44  ounces,  and  during  the  last  ten  days  of  her  stay  in  the  hospital, 
it  varied  from  31  to  46  ounces,  and  averaged  39  ounces.  At  first  there  was 
abvnidant  albumin  with  casts,  pus-cells  and  erythrocytes,  but  the  sediment 
gradually  lessened  and  for  the  last  week  examination  was  negative  for  albumin, 
casts  and  pus.  The  last  urinalysis  showed  a  specific  gravity  of  1.010.  The 
gauze  packing  was   removed  from   the  wound   during  the  second  week,   but  con- 


Fig.  2. — Section  through  capsule  and  cortex,  showing  great  thickening  of  the 
former,  with  fibroid  change,  hemorrhage,  and  rovnid  cell  infiltration:  pronounced 
cellular  infiltration  of  superficial  layers  of  cortex. 


siderable  wound  trouble  was  experienced  which  protracted  convalescence.  A 
bacteriologic  examination  of  the  pus  in  the  kidney  removed  at  operation,  and 
later  of  the  wound  discharge,  revealed  the  Micrococcus  pyogenes  aureus  and 
from  the  culture  a  vaccine  was  made  by  Dr.  Rosenberger  and  administered  several 
times  to  the  patient.  The  examination  of  the  blood  showed  hemoglobin  38  per 
cent,  on  the  day  after  operation  and  from  this  it  hardly  varied  until  February  14, 
when  it  began  to  rise  steadily.  The  first  count  of  red  blood-cells  made  four  days 
after  operation  revealed  3,200,000  and  the  count  varied  but  little  from  this 
until  February  14,  when  it  showed  3,940,000.  after  which  continued  improve- 
ment took  place.  The  leukocytes  varied,  depending  on  the  condition  of  the  wound, 
but  averaged  about  13,000  during  her  stay  in  the  hospital. 
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Tlie  patient  was  diseharoed  February  25.  1911,  iorty-four  days  after  admis- 
sion, with  a  small  sinus  rapidly  closing.  Her  general  health  was  excellent, 
although  some  weakness  persisted.  The  sinus  healed  entirely  in  one  week.  About 
six  weeks  later,  the  patient  complained  of  swelling,  pain  and  tenderness  beneath 
the  right  lower  jaw  and  noticed  some  salivation  with  a  foul  odor  and  salty  taste 
in  the  mouth.  An  examination  revealed  a  swelling  of  the  right  submaxillary 
salivary  gland,  densely  hard  in  character,  not  acutely  inflammatory  but  some- 
what tender  to  pressure.  Pressure  caused  pus  to  exude  from  the  duct  of  Wharton 
into  the  mouth.  A  radiograph  made  by  Dr.  Pancoast  showed  the  presence  of  a 
calculus. 

Under  ether  anesthesia  a  2-iiich  incision  was  made  lieneatli  tlie  jaw  and  tlic 
subjnaxillary  salivary  gland  removed.  It  contained  an  oval  calculus  about  12  nun. 
in  length.  Since  this  time,  the  patient  has  been  perfectly  well,  gaining  in  weight 
and  strength  and  frequent  urinalyses  have  shown  nothing  abnormal.  Later  slie 
became  pregnant;  nothing  unusual  happened  until  October  27,  when  a  miscar- 
riage occurred.  The  patient  suffered  no  ill  effects  from  this,  however.  On 
November  1,  she  was  passing  40  ounces  of  urine  in  the  twenty-four  hours,  with 
a  specific  gravity  of  l.dlo  :ind  showing  nothing  alnmniial  to  clienncal  or  niicvo- 
scojiic  examination. 

ETIOLOGY 

The  kidney  in  itnilateral  nephritis  may  heeome  infected  in  one  of 
three  ways : 

1.  By  an  Ascending  or  Urogenous  Infection. — Tliis  is  nuieli  less 
connnon  than  was  once  hekl,  and  Saniiison's''  well-known  pa]ter,  ])ul»- 
in  1903,  states  the  case  correctly  in  the  folluwing  words: 

The  reflux  of  urine  from  the  bladder  into  the  ureters  may  be  considered  an 
etiologic  factor  in  the  causation  and  maintenance  of  renal  infection  only  when 
the  intravesical  portion  of  the  ureter  is  diseased,  thus  impairing  its  function,  or 
when  some  ureteral  abimniiality  exists. 

It  is  thus  seen  that  the  kidney  is  protected  from  ascending  invasion 
by  the  downward  cnrrent  of  urine  and  the  physical  condition  of  the 
healthy  ureteral  orifice.  Of  course,  infection  may  be  transmitted  to  the 
pelvis  of  the  kidney  by  an  unclean  iiretcral  catherization. 

,  2.  Lymphatic  Infection. — A  local  spread  of  infection  from  the  intes- 
tinal tract  or  from  the  lower  urinary  organs  by  way  of  the  lymphatics  is 
not  common,  but  does  sometimes  occur.  Some  interesting  experimental 
work  has  been  published  recently  by  Kunita,'  showing  the  way  in  which 
the  lymphatics  of  the  ureter  communicate  with  those  of  the  perinephric 
tissue  and  kidne}',  and  by  Franke,**  who  found  that  the  ascending  colon 
and  cecum  were  connected  by  a  chain  of  lymphaties  with  the  right  kidney 
but  was  unable  to  find  sucli  connection  in   the  case  of  the  left  kidney. 

3.  Ifemalogenous  Infection. — 'J'liis  is  tiu'  idiiiiiHui  iikmIc.  it  is  well 
known  that  micro-organisms  frequently  pass  Ihioiigh  the  kidney  without 
injuring  it  in  so  far  as  we  know.  ■  Tlie  urine  swarms  with  typhoid  bacilli 
in  many  cases  of  typhoid  fever  and  one  fi-eqiieiitly  observes  a  colon  bacil- 


6.  Sampson:  Bull.  .InlnK  llopkin^   llnsp..  IftO.'i.  \iv.  XU. 

7.  Quoted  by  Stewart:   Univ.  J'enna.  :Med.  Bid  I..   l!Ho.  xxiii,  233. 

8.  Franke:  Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  I'.H  1.  xxii.  623. 
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luria ;  although  in  neither  case  are  s3-mptoms  of  kidney  infection  neces- 
sarily present.  There  has  been  some  experimental  work  published  indi- 
cating that  the  passage  of  micro-organisms  through  the  kidney  is  always 
attended  ]\y  damage  histologically,  although  clinically  no  trouble  may 
be  appreciable.  It  has  also  long  1)een  known  that  by  experimentally 
tying  the  ureter,  bruising  the  kidney  and  injecting  cultures  of  staphylo- 
cocci into  the  veins,  the  kidneys  will  become  infected.  These  infections 
point  the  ^vay  to  an  understanding  of  the  workings  of  well-known  cliiiical 
conditions  as  factors  in  the  etiology  of  pyelonephritis.  Most  cases  of 
pyelonephritis  are  probably  unilateral  in  the  beginning.  Theoretically, 
a  source  of  infection  must  exist  somewhere  in  the   bodv.  although  it 


^ 


Fig.    .3. — Section    tliroiigli    cortical    portion   of    kidney    showing   intense    inter- 
tubiilar  and  perigloniernlar  round  cell   intiltration. 

is  not  always  easy  to  ascertain  the  source.  In  view  of  the  fact  that  the 
colon  bacillus  is  the  most  frequent  cause  of  urinary  infections,  we  may 
reasonably  infer  that  intestinal  stasis,  intestinal  ulceration  and  severe 
and  long-continued  constipation  act  as  predisposing  factors.  Previous 
infections,  such  as  furuncle,  tonsillitis,  tooth  abscesses  or  any  form  of 
peripheral  suppuration  may  predispose  to  pyelonephritis.  The  bladder, 
the  prostate  gland  and  the  uterus  and  its  appendages  may  also  act  as 
portals  of  entry,  and  certain  general  conditions  of  which  typhoid  fever 
and  influenza  are  the  most  prominent  examples  may  contribute  to  hema- 
tosrenous  infection  of  tlie  kidnev. 
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In  addition  to  the  entrance  of  infection,  tliere  must  be  some  canse. 
traumatic  or  otlienvise,  operating  to  reduce  the  resistance  of  the  renal 
tissue.  This,  likewise,  is  not  always  easily  determined.  Many  of  the 
cases  reported  as  acute  unilateral  pyelonephritis  with  suppuration  have 
occurred  suddenly  in  an  apparently  normal  kidney  of  persons  previously 
well,  and  the  infecting  agent  was  usually  the  colon  bacillus  or  the  Staphy- 
lococcus  aureus.  It  may  be  that  these  organisms  were  highly  virulent  or 
in  excessive  nimiber,  or  it  may  be  that  some  unrecognized  abnormality 
of  the  kidney  was  present.  A  few  years  ago,  Kidd^  suggested  that  as  the 
majority  of  cases  occur  in  women  and  involve  the  right  kidney,  undue 
mobility  of  the  organ  may  be  a  predisposing  factor,  and  Cotton"'  reports 
two  cases  in  which  tliere  was  a  definite  displacement  of  the  infected 
(right)  kidney.  Tlie  mici'o-organisms  usually  found  in  pyelonephritis  are 
the  Baciliiis  coll  com^nuuis.  Micrococcus^  aureus,  Streptococcus:,  and  tlie 
typhoid  bacillus.  The  great  majority  of  cases  have  occurred  in  women, 
and  the  only  explanation  would  seem  to  be  the  more  frequent  displace- 
ment of  the  right  kidney  and  the  greater  tendency  to  intestinal  stasis 
in  that  sex. 

Eecently  unilateral  renal  liemorrhage  of  apparently  unknown  origin 
and  sometimes  called  essential  liematuria.  has  been  placed  in  the  group 
which  we  are  discussing  and  considered  to  be  of  bacterial  origin.  Thus, 
Gaudiana^^  concludes  that  with  the  exception  of  early  tuberculosis, 
lithiasis.  neoplasms,  torsion  of  the  pedicle  or  Bright's  disease,  all  cases 
described  as  hemorrhagic  nephralgia  are  cases  of  unilateral  nephritis  and 
are  the  result  of  bacterial  invasion  of  the  kidney.  Acute  hematogenous 
infection  is  also  of  interest  in  connection  with  the  pyelitis  of  pregnancv, 
but  any  discussion  of  this  disease  would  occupy  more  space  than  tiie  limit 
of  our  paper  permits.  Louria,^-  in  a  recent  paper  has  given  some  con- 
sideration to  the  subject.  Brewer's^'  conclusions  regarding  the  etiology 
are  important  and  may  be  quoted : 

Durinji  the  progress  of  any  infectious  disease  a  certain  number  of  micro- 
organisms find  their  way  into  tlie  blood  current:  many  of  these  organisms  are 
excreted  through  the  kidneys.  Tf  their  numlx-r  is  comparatively  small, 
if  their  virulence  is  low.  and  if  the  kidneys  aie  in  a  healthy  condition, 
the  transit  of  the.se  organisms  through  the  renal  apparatus  gives  rise  to  no 
demonstrable  lesion.  If,  on  the  other  hand,  the  number  of  the  organisms  is  large, 
if  their  virulence  is  high,  or  if  one  or  both  kidneys  are  diseased,  lesions  are 
produced  which  may  at  the  onset  cause  an  overwhelming  and  fatal  toxemia,  or 
may  proceed  more  .slowly  to  the  development  of  any  of  the  classical  types  of  renal 
infection  or  suppuration.  \\'hile  the  disease  may  l)e  bilateral,  in  a  large  number 
of  instances  it  is  unilateral   and   its  unilatcial   ciiaractir  is  due   tn  {\\:-   fact    tliat 
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the  affected  kidney  has  lost  to  some  extent  its  normal  resistance  to  infection, 
by  reason  of  trauma,  abnormal  mobility,  previous  disease,  calculous  irritation, 
anemia,  passive  hyperemia,  complete,  incomplete  or  intermittent  hydronephrosis. 
The  presence  in  the  body  of  a  kidney  damaged  by  trauma  or  disease  to  such  an 
extent  as  to  lower  its  normal  resistance  to.  infection  is  a  distinct  menace  to 
the  individual,  in  that  it  possesses  a  potential  susceptibility  toward  even  the 
mildest  forms  of  blood  infection.  While  it  is  possible  to  produce  renal  lesions 
in  animals  by  means  of  the  BaciUiis  coli.  the  Strci)tococcus  pyogenes,  the  Staphylo- 
coccus pyogenes  aureus,  the  Bacillus  typJwsus.  the  pneumococcus.  and  the  pyocya- 
neus,  in  clinical  cases  only  the  first  four  of  these  organisms  have  been  isolated. 

PATHOLOGY 

The  macroscopic  appearance  of  the  kidney  varies  with  the  stage  of 
advancement  of  the  morbid  process.    At  tirst  the  kidney  is  swollen,  tense 


Fig.  4. — Section  through  cortical  jiortion  of  kidney  showing  moderate  amount 
of  cell  infiltration,  edema,  degenerative  changes  in  glomeruli  and  tubules. 

and  engorged  witli  blood,  and  distinct  infarcts  may  be  seen.  Later, 
numerous  yellow  nodules  appear  beneatli  the  capsule  surrounded  by  a 
zone  of  intense  congestion.  On  section,  these  nodules  are  found  to  be  the 
bases  of  wedge-shaped  areas  of  suppuration  in  the  cortex.  Long  linear 
yellow  streaks  may  indicate  suppuration  in  the  tubules.  The  microscopic 
changes  consist  of  a  diifuse  congestion  and  leukocytic  infiltration  witli 
numerous  foci  of  suppuration;  there  is  often  much  hemorrhage  beneath 
the  capsule,  and  throughout  the  cortex  triangular  infarcts,  hemorrhage 
and  suppuration  may  be  present.  Large  bacterial  masses  looking  like 
emboli  are  often  seen.    In  the  later  stages  the  foci  of  suppuration  coalesce 
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find  gross  abscesses  may  be  formed.  Tlie  Malpigliian  tufts  are  congested' 
and  usually  surrounded  by  leukocytic  infiltration.  The  pelvis  is  congested 
and  covered  with  exudate. 

SYMPTOMS 

The  clinical  picture  of  hematogenous  pyelonephritis  varies  consider- 
ably with  the  virulence  of  the  process.  Brewer  describes  three  types: 
1.  The  severe  type,  in  which  the  local  symptoms  are  obscured  by  an 
intense  toxemia,  and  a  fatal  result  occurs  unless  the  infected  kidney  is 
removed.  2.  The  intermediary  type,  with  severe  initial  symptoms,  but 
without  grave  toxemia.  Renal  abscess,  perinephritic  abscess,  pyeloneph- 
ritis or  p3'onephrosis  develops  in  neglected  cases.  The  symptoms  may 
simulate  appendicitis,  cholecystitis,  or  abscess  of  the  liver,  and,  if  the 
renal  disturbance  is  not  marked,  may  resemble  typhoid  fever  or  pneu- 
monia. 3.  The  mild  type,  with  tenderness  over  the  costovertebral  angle 
as  the  only  symptom,  suggesting  subacute  appendicitis  or  cholecystitis. 
Brewer  believes  that  this  type  accounts  for  certain  irregular  periods  of 
temperature  occurring  during  convalescence  from  some  surgical  condi- 
tions or  infectious  diseases.  4.  To  these  we  will  add  a  fourth  type,  that  in 
which  the  chief  and  perhaps  the  only  symptom  is  hematuria.  We  have 
referred  to  the  observations  of  Gaudiani  and  would  also  add  those  of 
Eshner,^*  Billings,^^'  Elliott,^"  and  White^"  for  additional  support  of  the 
view  that  some  of  the  so-called  "essential  hematurias"  are  due  to  bac- 
terial invasion  of  the  kidney. 

The  "severe"  type  of  Brewer  or  the  fulminating  type  of  other  writers 
is  of  sudden  onset  in  a  person  apparently  well.  There  is  severe  abdom- 
inal pain,  tenderness,  rigidit}',  nausea  and  vomiting.  While  the  pain  at 
times  is  characteristic  of  renal  disease,  it  generally  suggests  some  intra- 
peritoneal process  on  the  side  aft'ected,  usually  of  the  stomach,  gall- 
bladder or  appendix.  A  number  of  the  cases  reported  in  the  literature 
were  operated  on  for  appendicitis,  cholecystitis  or  perforated  duodenal 
ulcer  before  the  true  condition  was  recognized.  The  temperature  rises 
sharply,  even  as  high  as  106  F.,  and  there  may  be  a  cliill  or  succession  of 
chills.  Septic  symptoms  develop  and  sometimes  death  may  ensue  before 
any  distinctive  renal  or  urinary  signs  are  observed.  As  a  rule,  however, 
an  indication  of  the  true  condition  of  affairs  is  given  by  the  shifting  of 
the  pain  to  the  flank  and  the  linding  of  a  point  of  more  or  less  severe 
tenderness  at  the  costovertebral  angle.  It  is  rare  that  the  enlarged 
kidney  can  be  palpated  owing  to  the  rigidity  present,  although  some 
resistance  may  be  felt  by  bimanual  examination.     The  urinary  findings 
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during  the  early  lioms  are  inconclusive  and  do  not  differ  from  those  in 
an}-  other  severe  septic  infection,  but  later  the  urine  becomes  scanty  and 
contains  albumin,  casts,  blood  and  pus  cells  and  the  pathogenic  micro- 
organism in  pure  or  mixed  culture.  There  is  usually  a  high  degree  of 
leukocytosis  and  headache,  muscular  twitchings,  convulsions  or  delirium 
may  be  present.  '^Phe  fatal  termination  is  due  to  a  combination  of  sepsis 
and  uremia. 

The,  second  t^^pe,  the  forme  aigue  of  Albarran,  resembles  the  fore- 
going except  that  the  intense  septic  symptoms  are  absent.  More  time  is 
given  in  which  to  make  a  diagnosis,  and  the  costovertebral  tenderness  and 
the  urinary  findings  may  be  supplemented  by  ureteral  catheterization. 
The  bladder  is  seen  to  be  intensely  inflamed  about  the  ureteral  orifice, 
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Fig.  5. — Section  tlii(iu^;li  -mall  while  nudule  in  cortfx  of  kidney,  sliowing 
cliaiacter  of  the  so-called  hypernephroma. 

from  which  pus  may  be  seen  exuding,  and  the  lips  of  the  orifice  are 
edematous  and  pouting,  and  often  ulcerated.  The  cystoscopic  examina- 
tion should  not  be  undertaken  during  the  acute  attack,  unless  nephrec- 
tomy is  contemplated.  An  x-ray  examination  should  be  made  to  deter- 
mine the  presence  or  absence  of  calculus. 

The  mild  type  which  Brewer  also  terms  "idiopathic  pyelitis"'  has  but 
few  symptoms  except  moderate  pain  (backache)  and  costovertebral  ten- 
derness. A  trace  of  albumin  and  a  few  casts,  blood-cells  and  pus  cells 
will  be  found  in  the  urine.  Some  of  these  cases  have  no  doubt  been 
operated  on  foi"  subacute  appendicitis  or  cholecystitis ;  on  the  other  hand, 
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thev  niav  account  for  "certain  irregular  periods  of  temperature  occurring 
during  convalescence  from  some  surgical  condition  or  infectious  disease" 
(Brewer).  The  fourth  type  is  characterized  by  persistent  hematuria, 
which  cystoscopy  shows  to  come  from  one  kidney,  and  the  cause  of  which 
is  revealed  only  at  operation. 

Treatment. — The  acute  fulminating  form  should  be  operated  on  as 
soon  as  the  diagnosis  can  be  made,  Avith  the  intention  of  performing 
nephrectomy,  unless  nephrotomy  with  drainage  will  suffice.  In  1911, 
Brewer  reported  that  he  had  encountered  fourteen  cases  of  the  severe 
ty]3e ;  two  patients  were  untreated,  and  in  four  nephrotomy  and  drainage 
was  done;  they  all  died.  Eight  were  treated  by  early  nephrectomy  and 
all  recovered.  The  general  statistics  on  the  subject  are  not  yet  susceptible 
of  analysis.  It  is  quite  true  that  the  fulminating  type  sometimes  subsides 
without  operation;  but  just  as  in  acute  appendicitis,  we  never  know  which 
cases  Avill  recover  and  Avhich  Avill  not.  Of  greater  importance  is  the  ques- 
tion of  whether  to  do  a  nephrectomy  or  a  nephrotomy.  BreAver  and  (*obb 
have  obtained  splendid  results  from  nephrectomy,  but  there  is  mucl)  to 
be  said  for  the  less  radical  procedure,  chiefly  because  of  the  uncertainty  as 
to  the  condition  or  even  the  ]jresenee  of  the  other  kidney,  since  there  is 
rarely  time  for  a  cystoscopic  examination.  The  objections  that  have  been 
urged  against  nephrotomy  are  the  inability  to  drain  the  whole  organ  by 
splitting  it  and  the  subsequent  uselessness  or  even  the  menace  of  a  kidney 
riddled  Avith  abscesses.  Cases  are  on  record  in  Avhich  the  svmptoms 
recurred  after  nephrotomy,  necessitating  a  subsequent  nephrectomy.  In 
the  subacute  types,  more  time  is  given  for  investigation  of  the  other 
kidney  and  the  diseased  organ  can  be  more  successfully  treated.  In  the 
case  herein  reported  Ave  adopted  a  conservative  plan  of  treatment  for 
nearly  three  Aveeks,  and  when  forced  to  operate  we  did  a  nephrectomy, 
because  the  frialjle.  disorganized  state  of  the  kidney  forbade  a  nephrot- 
omy. Of  course,  in  the  mild  cases  operation  is  not  to  be  thought  of; 
rest  in  Ijed,  a  milk  diet,  urinary  antiseptics,  purgatives  and  plenty  of 
Avater  will  usually  bring  about  a  cure.  In  refractory  cases,  bacterins 
should  be  used,  and  in  ])ersistent  pyelitis  it  may  be  necessary  to  irrigate 
the  renal  pelvis  through  a  ureteral  catheter  Avilli  a  solution  of  one  of  the 
silver  salts  or  with  a  2  per  cent,  solution  of  almiiiiiium  acetate.  If  still 
resistant,  it  is  advisal)le  to  operate  —  to  split  the  capsule  and  drain  the 
renal  pelvis.  In  all  such  cases  the  existence  of  pressure  on  the  ureter  oi" 
of  movable  kidnev  should  be  investigated. 
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I.  INTRODUCTION 

The  experiments  described  in  this  paper  were  begun  witli  the  inten- 
tion of  determining  the  etfect  of  nraninm  nitrate  on  the  excretion  of 
creatinin  by  the  kidney,  and  the  effect  of  creatinin  injections  on  the 
nephritis  produced  by  uranium  nitrate.  Chlorids  were  estimated  in  the 
last  three  exjoeriments  to  check  up  the  results  with  creatinin.  Uric 
acid  estimations  were  added,  as  it  was  found  that  no  work  had  been  done 
on  the  snhject.  The  work  was  begun  in  the  winter  of  1911,  during  the 
writer's  second  year  at  the  Johns  Hopkins  Medical  School,  but  was  not 
successful  at  that  time.  The  experiments  described  below  were  conducted 
in  this  laboratory  during  the  two  succeeding  summers  of  1911  and  1912. 

II.  EXPERIMENTAL 

A.  Methods. — Dogs  which  had  not  previously  been  used  for  any 
experimentation  were  taken.  They  were  kept  in  cages  of  the  type 
described  by  Dr.  Gies.^  The  urine  was  collected  daily  at  8  :30  a.  m. 
Powdered  thymol  was  used  as  a  urinary  preservative.  The  cages  were 
carefullv  cleaned  each  morning. 

The  dogs  were  fed  on  uniform  quantities  of  hashed  lean  beef,  cracker- 
meal,  lard  and  distilled  water  in  a  homogeneous  mixture.  Bone  ash  was 
added  to  the  food  to  insure  the  elimination  of  formed  feces,  which  were 
found  except  when  stated  to  the  contrary  in  the  protocols.  The  dogs  were 
fed  regularly  at  9  a.  m. 

A  word  must  be  said  here  concerning  the  meat  included  in  the  diet. 
The  amount  was  always  small — 15  grams.  Closson,-  Klercker^  and  Lef- 
mann*  have  shown  that  muscle  as  food  does  not  increase  urinary  crea- 
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tinin :  and  fui  theriiiore,  it  has  l^een  noted  by  Underhill  and  Kleiner^  that 
there  is  no  decrease  in  dogs  in  urinary  creatinin  during  a  fast  of  ten  days. 
These  observations  warrant  tlie  belief  that  the  absence  of  so  small  an 
amount  as  15  grams  of  meat,  during  refusal  of  food  by  the  animals,  could 
not  have  made  any  difference  in  the  output  of  urinary  creatinin. 

Intravenous  injections  were  made  from  a  buret  through  a  small 
cannula  into  a  sai^henous  vein.  A  very  small  quantity  of  2  per  cent, 
cocain  solution  was  used  as  a  local  anesthetic. 

The  subcutaneous  injections  were  made  in  the  skin  of  the  back  or 
hind  leg. 

The  creatinin  Avas  estinuitcd  by  Folin's'^  method,  the  uric  acid  by  the 
Folin-Shaffer'  metliod  ;  the  chlorids  by  Harvey"s*  method;  albumin  with 
Tsuchaya's'^  reagent  using  Esbach  tubes.  The  urines  were  analyzed  as 
soon  as  collected. 

B.  Lesions  Caused  by  Uranium  Nitrate. — The  acute  renal  lesions 
caused  by  uranium  nitrate  have  been  shown  to  be  the  same  by  all  investi- 
gators except  two.  These  lesions  consist  in  general  of  a  severe  tubular 
injury  combined  with  a  vascular  change,  the  latter  of  which  has  been 
demonstrated  by  physiological,  but  not  by  anatomical  observations. 

As  to  the  tubular  lesions,  Pearce"  states  that  "the  anatomical  changes 
due  to  uranium  and  to  the  cliromates  are  in  the  early  stages  confined 
essentially  to  the  tubides,  especially  the  convoluted  tubules,  and  consist  of 
granular  or  fatty  degeneration  and  definite  necrosis  often  affecting  large 
groups  of  tubules."  This  is  in  essence  wliat  has  been  found  by  Schlayer  and 
Takayasu,^^  Schlayer,  Hedingcr  and  Takayasu,^-  Pearce,  Hill  and  Eisen- 
brey,'^  MacXider,"  Pohl,^-^  Christian,^''-  and  Heineke  and  Meyerstein.^" 
As  to  the  vascular  changes,  Chittenden  and  Lambert^*  showed  as  early  as 
188!)  that  uranium  in  its  early  action  on  tlie  kidney  caused  an  increased 
urinary  volume  which,  when  tlie  toxic  action  became  more  decided, 
changed  to  a  partial  or  complete  stoppage  of  urinary  secretion.  Schlayer 
states  that  the  serious  disturbances  of  the  integrity  of  the  reiuil  vessels 
show]i  by  functional  imestigation  in   urnniuu]   ne]>hi'i1is  are  ]i()l   lecog- 
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nizable  from  llie  anatomical  picture.  These  disturbances  Schlayer,  Hed- 
inger  and  Takayasn^-  showed  to  be  an  initial  increase  in  the  dilatability 
and  contractibility  of  the  blood-vessels  of  the  kidney  and  an  increased 
permeability  followed,  in  a  day  or  two,  by  a  reversed  condition  (Fig.  1). 
Pearce,  Hill  and  Eisenbrey^"  confirmed  this.  Pohl,^-^  working  on  rabbits 
with  very  small  doses  of  nranium  nitrate  (0.035  nig.),  produced  a  sub- 
acute nephritis,  which  exhibited,  physiologically,  a  polyuria  reaching  its 
height  i]i  a  week  or  ten  days;  and  showed,  anatomically,  at  the  end  of 
two  weeks,  that  the  glomeruli  v/ere  intact,  but  that  the  tubular  epithelium 
was  flattened  or  entirely  destroyed.  MacNider,^*  and  Heineke  and  Meyer- 
stein^'  found  engorgement  of  the  intertubular  vessels  and  of  the  glomer- 
ular capillaries. 

As  further  proof  of  the  tubular  lesion  Eisenbrey,^"  found  that  phenol- 
sulphonephthalein  is  often  excreted  in  increased  amounts  in  the  first 
twenty-four    hours    of    uranium    nephritis    and    always    is    excreted    in 


Day    a{\er 
Poisoning 

Ist.   Duv 

tnJ.  Dc_, 

2  ^d    Day. 

4fh.   Day- 

5 

4 
3 

2 

1 

0 

/\ 

^                  / 

'^'^'^;h^!:!|illl 

1     1  M   1  m{!|i| 

/ 

x 

W 

1 

Norma!    irnlabili^^>     ' 

^ 

A 

A 

1 

\ 

Vascular 

Xl 

A      ' 

\   '' 

i 

i!    ' 

Ccnd.tion. 

4 

T.r^.ia- 

J 

1 

1 

\   ' 

J                            i 

Fig.  1. — Effect  of  uranium  on  the  kidney.  1.  Faint  spot-like  clouding. 
2.  More  diffuse  clouding  and  spot-like  necrosis.  3.  Wider  areas  disturbed. 
4.  More  widely-spread  disturbance.     5.  Practically  no  normal  tubules  remain. 


decreased  amounts  thereafter.  In  view  of  the  statement  of  Eowntree  and 
Geraghty,-"  "that  experimental  evidences  indicate  that  phenolsulphone- 
phthalein  is  excreted  mostly  by  the  tubules,"  the  work  of  Eisenbrey 
becomes  confirmatoiy  evidence  of  what  has  been  said  above  concerning 
the  lesions  of  uranium  nephritis:  that  is,  that  ui'anium  nitrate  produces 
a  vascular  reaction  of  one  or  two  days'  duration  followed  by  a  tubidar 
distuibance  of  wide  extent.  Christian  pointed  out  that  in  addition  lo 
the  tubular  lesion  "there  occurs  in  the  glomeruli  a  degenerative  condition 
consisting  usually  of  fhe  appearance  of  hyaline  droplets  of  varying  size 
in  the  wall  of  the  capillary.''  MacXider  states  that  similar  structures 
liave  been  observed  in  several  of  his  experiments.     He  also  notes  that 

19.  Eisenbrey:    Jour.    Exper.   ?iled..    1911.   xiv.    402. 

20.  Rowntree  and  Geraghty:    The  Archive.s  Ixt.  Meu.,   1912,  ix,  284. 
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different  animals  vary  greatly  in  their  response  to  the  same  quantity  of 
poison  per  kilo.  This  has  been  found  to  be  the  case  in  my  own  experi- 
ments also. 

The  accompanying  chart  taken  from  the  article  of  Schlayer  and 
Takayasu  (p.  615)  shows  graphically  what  has  been  stated  above. 

The  lesions  produced  in  my  experiments,  so  far  as  concerns  acute 
nephritic  conditions  aggravated  by  injections  of  creatinin,  were  essen- 
tially the  same  as  those  in  the  cases  mentioned  above.  In  the  gross, 
the  kidney  was  enlarged,  the  capsule  tense;  microscopically,  the  tubular 
epithelium  (mainly  of  the  convoluted  tubules)  was  swollen,  sometimes 
occluding  the  lumina,  and  showed  granular  degeneration  and  necrosis. 
The  nuclei,  especially  in  the  convoluted  tubules,  could  not  be  made  out 
in  most  of  the  cells.  The  glomeruli  were  intact.  Bowman's  capsule  was 
distended  in  many  instances  and  the  intracapsular  space  was  partially 
filled  with  a  granular  material.  There  was  no  proliferation  of  the 
epithelium  of  the  capsule.     The  blood-vessels  were  much  engorged. 

The  kidney  in  Experiment  3,  which  was  examined  two  weeks  after 
uranium  had  been  injected  four  times  during  twenty-two  days,  showed  a 
somewhat  different  picture.  Macroscopically,  the  kidney  was  swollen. 
The  capsule  was  tense  and  not  adherent.  The  surface  was  smooth.  Micro- 
scopically, the  lesions  were  mainly  tubular.  There  were  not  as  many 
injured  tubules  visible  as  in  the  other  cases,  but  those  which  were  injured 
seemed  more  severely  affected.  In  many  instances  the  cells  had  entirely 
separated  from  the  basement  membrane  and  lay  as  an  ill-defined  granular 
mass  in  the  lumina.  In  other  instances,  practically  normal  tubular 
epithelium  could  be  seen.  The  glomeruli  showed  thickening  of  Bowman's 
capsule  in  several  instances  and  in  a  few  places  there  was  round-cell 
infiltration  about  the  capsules. 

C.  Polyuria. — There  is  almost  unanimity  of  opinion  that  polyuria 
occurs  in  the  early  stages  of  uranium  nephritis.  Chittenden  and  Lam- 
berf^^  noted  it  in  1889,  Since  then,  Schlayer  and  Takayasu,^^  Pearce, 
Hill  and  Eisenbrey,^'  Schlayer,  Hedinger  and  Takayasu,^-  and  Mac- 
Mder^*  have  observed  this  same  reaction.  As  stated  above,  this  reaction 
has  not  been  definitely  associated  with  pathological  lesions.  The  recent 
work  of  MacNider^*  and  of  PohP-^  shows  that  with  small  doses  of  ura- 
nium nitrate,  this  vascular  reaction  may  persist  for  more  than  the  one 
or  two  days  stated  by  the  investigators  named  above. 

It  is  interesting  to  note  that  MacNider^*  differentiates  between  anuric 
and  polyuric  animals  and  states  that,  though  the  vascular  lesions  are 
identical  in  these  two  groups,  the  tubular  involvement  differs  markedly. 
In  the  anuria  group  this  consists  in  swollen  epithelium  which  occludes 
the  tubular  lumina,  while  in  the  polyuric  group  no  epithelial  involve- 
ment is  present. 
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The  figures  in  the  accompanying  table  (Table  5)  indicate  that  poly- 
uria was  obtained  in  all  cases.  As  to  anuria,  this  was  not  clearly  observed 
in  any  case,  due  to  the  necessity  of  proceeding  promptly  with  further 
injections. 

TABLE    5.— PoLYURjA 

Experiment    

Average  normal    

Maximum   normal    

Uranium  nitrate   nephritis 


*  Vomitus  admixed. 

D.  Chlorids. — The  excretion  of  chlorids  has  been  carefully  investi- 
gated by  Schlayer  and  his  associates  as  well  as  by  Austin  and  Eisenbrey.-^ 
These  authors  found  a  decrease  in  the  excretion  of  chlorids.  MosenthaP^ 
has  found  that  the  excretion  of  chlorids  may  be  increased,  normal  in 
amount  or  diminished  at  times,  according  to  the  conduction  of  the  experi- 
mental nephritis.  It  has  also  been  stated  by  Pohl,^^  and  Austin  and 
Eisenbrey  that  there  is  an  initial  increase  coincident  with  the  polyuria, 
after  which  the  excretion  of  chlorids  decreases.  This  was  found  to  be 
the  case  in  Experiment  4.  The  results  of  the  other  experiments  are 
inconclusive. 

E.  Uric  Acid. — The  question  of  uric  acid  excretion  in  uranium 
nephritis,  acute  or  subacute,  does  not  seem  to  have  attracted  the  attention 
of  investigators  up  to  now,  for  no  references  have  been  found  in  the 
literature.    Table  6  presents  some  results  in  this  connection. 

From  the  data  in  this  table  (Table  6)  we  may  conclude  that  uranium 
nitrate  nephritis  causes  an  increase  in  the  amount  of  endogenous  uric 
acid  in  the  urine ;  that  in  the  subacute  form  the  excretion  remains  high. 

F.  Creatinin. — It  appears  that  the  elimination  of  creatinin  in  acute 
uranium  nephritis  has  not  been  studied.  It  is,  however,  interesting  to 
note  that  in  potassium  chromate  nephritis — a  tubular  form — Levene  and 
Kristeller,^^  and  Lefmann*  found  a  decrease  in  the  excretion  of  creatinin. 
J.  L.  Green^*  notes  that  "creatinin  was  slightly  reduced,"  but  his  results 
are  by  no  means  conclusive.  Table  7  shows  the  results  for  acute  uranium 
nephritis. 

In  subacute  nephritis  the  amount  of  creatinin  excreted  is  reduced. 
The  protocol  of  Experiment  3  shows  that  after  four  doses  of  uranium 
had  been  given  over  a  period  of  twenty-one  days,  the  succeeding  seven 


21.  Austin  and  Eisenbrey:    Jour.  Exper.  Med.,  1911,  xiv,  366. 

22.  Mosenthal :  Personal  communication. 

23.  Levene  and  Kristeller:   Am.  Jour.  Physiol.,   1909,  xxiv,  45. 

24.  Green,  J.  L.:  Jour.  Pathol,  and  Bacteriol.,  1909,  xiii,  296. 
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days  showed  an  average  excretion  of  129  mg.,  and  the  days  thereafter 
108  mg.     The  normal,  as  may  be  seen  in  Table  7,  was  205  mg. 


Experiment  2. 
Normal  average 
Nephritis 


TABLE 
Mg. 

21 

25 

33 
123 

42 


6. — Uric   Acid   Excretion 


Uranium  nitrate. 

8.5  mg.  subcutaueously. 


Experiment  3. 
Normal  average 

Nephritis 


Nephritis 


Nephritis 


Nephritis 

-  Experiment  4. 
Normal  average 
Nephritis 


Mg. 
14 
18 
27 
10 
28 
23 
23 
28 
44 
23 
19 
26 
27 
18 
68 
30 
45 
36 

Mg. 
29 
43 
34 
56 
34 
17 


Uranium   nitrate,   8   mg. 
Uranium   nitrate,    7    rag. 
subcixtaneously. 


Uranium  nitrate,  7.5  gm. 
subcutaneously. 


Uranium  nitrate,  20  mg. 
subcutaneously. 


Uranium  nitrate,  25  mg.  subcutaneouslv. 


Uranium  nitrate,  30  mg. 
subcutaneously. 


Mg. 
56 
49 
26 
29 
26 
29 
25 
15 
23 
29 
22 
27 
31 
19 
23 
26 
20 


Intravenous  Creatinin  Injections. — !N"o  record  of  excretion  after  intra- 
venous injections  of  creatinin  has  been  found.  There  are,  however, 
several  observations  on  its  excretion  when  fed  or  subcutaneously  injected. 
Folin-^  found  that  if  creatinin  were  ingested  by  a  normal  patient,  75 
per  cent,  was  excreted.  Wolf  and  Shaffer^*^  found  that  80  per  cent,  of 
ingested  creatinin  was  excreted.  Voegtlin  and  Towles-^  found  that  when 
creatinin  was  ingested,  36.3  per  cent,  and  62.5  per  cent,  (two  experi- 
ments) were  excreted  in  twenty-four  hours,  while  if  injected  subcutane- 
ously, 54.5  per  cent,  and  72.7  per  cent,  (two  experiments)  were 
excreted.^^     Mellanby,^''  Lefmann,*  and  Klercker^  state  that  ingested 


25.  Folin,  0.:   Am.  .Tour.  Phvsiol.,  1005,  xiii,  66. 

26.  Wolf  and  Shaffer:   Jour.' Biol,  (hem.,   1908,  iv,  439. 

27.  Voegtlin  and  Tovvles:   Jour.  Biol.  Chem.,  1912,  x,  479. 

28.  Calculated  from  protocols. 

29.  Mellanby,  E.:   Jour.  Physiol.,  1907-08,  xxxv,  447. 

30.  v.  Hoogenhuyze  and  Verploegh:  Ztschr.  f.  physiol.  Chera.,  1905,  xlvi,  415. 
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creatinin  is  excreted  in  great  part.  Van  Hoogenhuyze  and  Verploegh^*^ 
state  that  100  per  cent,  of  injected  creatinin  is  excreted.  The  data  in 
Table  8  lead  us  to  the  conclusion  that  when  intravenously  injected, 
creatinin  is  excreted  "in  toto."  From  the  protocols  it  will  be  seen  that 
this  did  not  take  more  than  forty  hours. 

TABLE    7. — Creatinin    Excketion    in    Acute   Uranium   Nephritis 

Experiment    1                  2                 3  4 

Mg.            Mg.           Mg.  Mg. 

Normal  average    210             190             205  258 

Uranium    nitrate   nephritis 281*           187*           169*  172* 

228      187      174  302 

114      65      74  280 

123      92  170 

90 

*  Uranium  nitrate  subcutaneously.  Exp.  1,  10  mg. ;  Exp.  2,  8.5  mg. ;  Exp.  3, 
15  mg. ;   Exp.  4,  30  mg. 

G.  Creatinin  Injectio7is  During  Uranium  Nephritis. — No  record  of 
creatinin  injections  in  dogs  or  other  animals  having  uranium  or  other 
experimental  nephritides  has  been  found.  In  view  of  the  results,  this 
phase  of  the  subject  deserves  careful  consideration. 

TABLE  8. — Excretion   of   Creatinin 

Experiment    1  1  1  1  3  3 

Mg.        Mg.        Mg.         Mg.        Mg.        Mg. 

Normal    (average)    210         210         210         210         165*       127* 

Average    3-day    period    following 

injection    330         245         223         267         193         141 

Average  3-day  period  with  inject- 
ed amount  subtracted   280         209         190         234         163         114 

*  Excreted  during  chronic  nephritis. 

"When  a  dog  with  uranium  nephritis  was  injected  with  an  amount  of 
creatinin  equivalent  approximately  to  one-half  the  normal  excretion,  the 
animal  either  died  (two  cases)  or  showed  a  remarkable  decrease  in  renal 
activity  (one  case).  The  data  show  (Tables  9  and  10)  that  not  only  was 
the  injected  creatinin  not  excreted,  but  the  excretion  lay  far  below  either 
the  normal  or  the  amount  excreted  in  the  previous  nephritic  period. 

TABLE  9. — Creatinin   Excretion   After   Injection   of   Approximately   One- 
Half   THE   Usual    Excretion    During    Nephritis 

r Experiment  2 i 

Volume,       Creatinin,     Uric  Acid, 
c.c.  Mg.  Mg. 

Average   normal    425  190  21 

Average  after  nephritis 615  140  55 

Average   after   creatinin  injection 96  65  13 

The  excretion  of  the  other  substances  subjected  to  study  shows  a 
noteworthy  state  of  affairs,  namely,  a  great  decrease  in  the  excretion  of 
water,  chlorids  and  uric  acid;  in  other  words,  there  was  an  apparent 
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arrest  of  renal  function,  followed  in  two  instances  by  death  and  in  one 
by  recovery.  This  last  case  (Table  11)  deserves  further  attention,  since 
an  examination  of  the  figures  shows  that  after  a  certain  period  (three 
days)  the  kidney  began  to  excrete  more  readily,  and  that  the  substances 
increased  daily  in  amount  until  the  creatinin  had  reached  the  normal 
amount,  and  nntil  uric  acid,  chlorids  and  water  had  far  exceeded  it;  in 
other  words,  what  appeared  to  be  a  physiological  compensation  took  place. 

TABLE   10. — Creatinin  Excretion  After  Injection  of  Apprgximaiely  One- 
Half  THE  Usual  Excretion  During  Nephritis 

, — Experiment  1 — n 
Creatinin,  Volume, 
Mg.  c.c. 

Average  normal    210  266 

Average   nephritis    207  477 

Average  creatinin  injection    3  127 

The  following  is  a  description  of  the  animals'  condition  after  creatinin 
was  injected.  Dogs  1  and  3  will  be  described  together,  as  they  showed 
practically  the  same  symptoms  and  in  the  same  order.  These  dogs  one 
day  after  the  creatinin  injection  became  apathetic.  They  did  not  jump 
about  their  cages  when  approached  as  had  previously  been  the  case.  Tm'o 
days  later  a  fine  muscular  tremor  was  noted.  The  dogs  lay  quietly  in 
their  cages.     If  placed  on  their  feet  they  were  easily  bowled  over  by  a 

TABLE  11. — Apparent    PnYsioLOGiCAL    Compensation    in    Creatinin    Excre- 
tion   After    Injection    of    Excess    During    Nephritis 

Experiment  4. 

Volume, 

Cc. 

Average    (normal )     431 

Average    (nephritis)     403 

Creatinin  injection    400 

160 
70 

212 

315 

545 

850 

840 

270 

gentle  push  and  did  not  jump  up  again.  The  following  day  a  coarse 
tremor  was  noted  which  was  spasmodic  only.  The  respiration  was 
labored,  perhaps  due  in  part  to  a  nasal  infccticn  of  a  purulent  nature.^^ 
The  eyes  also  now  showed  a  purulent  discharge.    Neither  of  these  inflam- 


Creatinin, 

Uric  Acid, 

Chlorids, 

Mg. 

Mg. 

Gm. 

258 

29 

1.513 

231 

41 

1.065 

83 

36 

0.960 

50 

9 

0.736 

11 

17 

0.196 

36 

14 

0.805 

94 

19 

0.882 

117 

34 

1.417 

161 

37 

1.700 

184 

44 

2.688 

202 

31.  The  fact  that  this  infection  occurred  but  one  day  before  death,  and  after 
the  renal  reaction  to  the  creatinin  injection  had  commenced,  warrants  the  belief 
that  it  was  in  no  way  responsible  for  the  animal's  death,  and  was  only  a 
manife.station  of  lowered  resistance  due  to  the  toxic  influence  on  the  animal 
as  shown  by  his  changed  actions  and  urinary  excretions. 
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matoiy  changes  had  been  present  before.  In  Dog  3,  percussion  near  the 
scapular  spine  gave  a  very  active  reflex  contraction  of  the  fore  leg,  which 
on  two  occasions  developed  into  a  clonus.  The  dogs  became  more  and 
more  apathetic,  lying  quietly  in  their  cages,  not  reacting  to  calls  and 
unable  to  stand  when  placed  on  their  feet.  This  lasted  until  they  died. 
If  at  any  time  after  the  creatinin  injection  water  was  placed  in  the  cages 
the  dogs  drank,  but  vomited  at  once.  Dog  4  showed  no  symptoms  what- 
soever and  throughout  the  experiment  appeared  normal. 

But  before  offering  any  explanation  of  these  phenomena,  the  results 
of  creatinin  injections  in  a  subacute  uranium  nephritis  must  be  noted.' 
Here,  as  the  figures  in  Table  12  show,  the  secretion  of  neither  creatinin, 
uric  acid,  chlorids  nor  water  was  affected.  It  is  on  this  finding  that  a 
possible  explanation  of  the  phenomenon  in  the  acute  nephritis  may  be 


TABLE    12. — Results    of   Injection    of    Creatinin    During    Subacute 
Uranium   Nephritis 


Experiment  3. 

Vol., 

Creat- 

Uric 

Chlo- 

c.c. 

inin, 

Acid, 

rids, 

Remarks 

Mg. 

Mg. 

Gm. 

Average  normal   360 

205 

14 

0.213 

After  four  uranium  injections 

during  21  days 435 

241 

26 

1.174* 

Injected  91  mg. 

325 

187 

29 

0.910 

creatinin. 

280 

153 

25 

0.840 

260 

128 

15 

0.806 

300 

156 

23 

0.750 

225 

136 

29 

0.562 

255 

96 

22 

0.612 

340 

122 

27 

0.544 

415 

182 

31 

0.830* 

Injected  70  mg. 

180 

100 

19 

0.396 

creatinin. 

330 

142 

23 

0.528 

290 

77 

26 

0.464 

230 

99 

20 

0.506 

*  Raised  chlorid  excretion  due  to 

saline 

injection  fluid. 

based.  In  the  acute  nephritis,  the  tubules  are  all  more  or  less  severely 
injured.  If  to  the  normal  burden  (which,  as  the  figures  show,  is  poorly 
borne  so  far  as  creatinin  goes),  we  add  the  additional  burden  of  excreting 
more  creatinin,  we  can  readily  imagine  that  the  injured  cells,  now  taxed 
far  beyond  their  powers,  would  fail  to  act  as  well  as  before,  and  a  more 
or  less  complete  arrest  of  renal  function  would  result.  In  subacute 
nephritis,  cellular  regeneration  or  atrophy  takes  place,  so  that  the  kidney 
probably  contains  sufficient  normal  tubular  epithelium  to  take  care  of  a 
certain  amount  of  creatinin  beyond  that  presented  to  the  kidney  by  body 
metabolism,  and  thus  no  ill  effects  occur.  "What  this  amount  is,  and 
whether  it  approaches  the  normal,  has  not  been  demonstrated  up  to  now. 
The  whole  matter  seems,  moreover,  to  have  another  interesting  side 
when    we    consider    that    creatinin    is    increased    in    fever    in    general 
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(Leathes^-),  and  specifically  in  acute  fevers,  e.  g.,  pneumonia  (Wolf  and 
Lambert^^)  and  typhoid  fever  (Shaffer,^*  and  Ewing  and  Wolf^^)  ;  and 
when  vre  consider  that  the  diphtheria,  cholera  and  colon  bacilli,  as  well 
as  the  pneumococcus,  cause  a  tubular  nephritis  (Aschoff^"). 

The  manner  of  production  of  a  kidney  condition  which  would  give 
rise  to  uremia  in  certain  febrile  diseases  might  be  explained  as  follows : 
Taking  creatinin  as  an  example  of  a  normal  urinary  substance  excreted 
by  the  tubules  of  the  kidney,  and  reviewing  briefly  what  occurred  in 
Experiments  1,  3,  3,  and  4,  we  may  conclude  that  animals  with  a  tubular 
nephritis  and  given  a  hypercreatininemJa,  showed  an  arrest  of  renal  func- 
tion followed  in  two  instances  by  death.  When  the  hypercreatininemia 
was  omitted,  there  was  no  death  from  nephritis  of  similar  intensity.^^  In 
other  words,  hj^percreatininemia  taxed  the  kidney  beyond  its  power  of 
function  and  the  margin  of  safety  or  limit  of  function  was  overstepped. 

Let  us  now  suppose  the  existence  of  a  febrile  condition,  in  which  the 
excretion  of  creatinin  is  raised ;  the  tubules  would  then  be  taxed  beyond 
the  usual.  Add  to  this  a  tubular  nephritis  and  we  have  the  reverse  of 
what  took  place  in  the  experiment ;  that  is,  instead  of  tubular  nephritis 
followed  by  hypercreatininemia  we  have  hypercreatininemia  followed  by 
tubular  nephritis,  both  of  which  would  naturally  entail  similar  results, 
so  far  as  effects  on  the  tubule  are  concerned. 

As  stated  above,  creatinin  is  taken  only  as  an  example  of  a  urinary 
substance  normally  excreted  by  the  kidney  tubule.  There  seems  no  reason 
to  believe  that  other  normal  substances  which  are  increased  in  fever  and 
excreted  by  the  tubules  would  not  act  in  a  similar  way ;  that  is,  to  overtax 
an  already  overfunctioning  kidney  whose  condition  had  been  aggravated 
by  a  tubular  nephritis. 

In  brief,  it  would  seem  probable  that  the  factors  which  reduced  the 
total  functioning  powers  of  the  kidney  in  the  above  experiments  have 
been  a  tubular  nephritis  followed  by  a  further  taxing  of  the  tubules  by 
the  presentation  of  excessive  amounts  of  a  substance  normally  excreted 
by  them;  and  that  the  same  factors,  even  though  reversed  in  order  of 
occurrence,  might  act  in  the  same  way  in  human  febrile  diseases  com- 
plicated by  tubular  nephritides. 

What  may  cause  the  uremia,  normal  or  abnormal  substances,  is  not 
known.  We  have  only  been  concerned  here  with  the  mechanism  of  the 
retention  of  these  substances. 


32.  Leathes,  J.  B.:  Jour.  Pliysiol.,  1900,  xxxv,  205. 

33.  Wolf  and  Lambert:  The  Archives  Int.  Med.,  1910,  v,  406. 

34.  Shaffer:   Am.  Jour.  Physiol.,  1908,  xxiii,  1. 

35.  Ewing  and  Wolf:  The  Archives  Int.  Med.,  1909,  iv,  330. 

36.  Aschoff:   Pathologische  Anatomic,   1911,  ii,  450. 

37.  This  has  been  shown  by  many  of  those  quoted  above  who  have  worked 
with  uranium. 
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CONCLUSIONS 

1.  In  acute  uranium  nitrate  nephritis,  (1)  creatinin  is  excreted  in 
decreased  amounts,  and  (2)  uric  acid  is  excreted  in  increased  amounts 
(Experiments  2,  3,  4). 

2.  In  subacute  uranium  nitrate  nephritis,  (1)  creatinin  is  excreted 
in  decreased  amounts  (two  weeks),  but  (2)  uric  acid  and  (3)  chlorids 
are  excreted  in  increased  amounts  (two  weeks)   (Experiment  3). 

3.  Creatinin  injected  in  normal  dogs  is  excreted  "in  toto"  (Experi- 
ment 1). 

4.  Creatinin  injected  in  acute  uranium  nephritis  causes  (1)  endogen- 
ous and  (2)  injected  creatinin  (Experiments  1,  2,  4),  (3)  uric  acid,  (4) 
chlorids  and  (5)  water,  to  be  excreted  in  decreased  amounts  (Experi- 
ments 2,  4) ;  (6)  death  may  ensue. 

5.  Creatinin  injected  in  subacute  uranium  nephritis  (Experiment  3) 
is  excreted  "in  toto,"  and  apparently  does  not  affect  the  excretion  of 
endogenous  creatinin,  uric  acid,  chlorids  or  water  since  these  are 
unchanged. 

I  wish  to  express  my  thanks  to  Dr.  Wm.  J.  Gies  for  the  valuable  assistance 
I  have  received  while  carrying  out  this  work. 
437  West  Fifty-Ninth  Street. 


A  CASE  OF  AUPJCULAPt  FIBEILLATION  WITH  A  POST 
MOBTEM    EXAMIXATIOX  * 

ALFEED    E.    COHN,    M.D.,    axd    JAMES    D.    HEARD,    M.D. 

PITTSBURGH 
CASE    REPORT 

History. — The  patient,  Mrs.  T.  G.,  was  37  years  old.  Her  weight 
was  55  kilos.  She  was  first  admitted  to  St.  Francis  Hospital,  Pittsburgh, 
Jan.  17,  1912;  her  chief  complaint  being  shortness  of  breath.  Dyspnea 
had  been  present  during  the  past  four  to  six  weeks,  during  which  period 
she  had  also  experienced  palpitation  and  precordial  pain;  occasional 
night  sweats  had  occurred  during  the  past  few  months,  together  with 
frequent  "colds,"  during  the  course  of  which  the  patient  would  bring  up 
blood-stained  sputum.  Her  past  medical  history  was  as  follows :  She  had 
chorea  during  childhood,  rheumatic  fever  in  1908  and  again  in  1911, 
measles,  diphtheria  and  small-pox  in  early  life.  She  was  not  subject  to 
sore  throat.  The  patient  had  given  birth  to  three  healthy  children  and 
had  had  no  miscarriages.    She  had  worked  hard.    Her  habits  were  good. 

Examination. — The  physical  findings  on  the  day  following  admission 
were,  in  brief,  as  follows :  The  patient  was  a  slender,  middle-aged  woman, 
lying  in  bed  without  any  apparent  pain  or  discomfort.  Her  temperature 
was  98.4  F.,  pulse-rate  120  to  130,  respiration  22  to  24,  systolic  blood- 
pressure  120.  She  coughed  occasionally.  There  was  slight  cyanosis,  but 
no  jaundice  nor  edema.  Her  eyes,  mouth  and  tonsils  were  negative.  The 
external  jugular  veins  were  pulsating.  The  thyroid  gland  was  not 
enlarged.  The  thorax  was  barrel-shaped  and  allowed  only  shallow  respi- 
ratory excursions;  there  was  a  pronounced  Harrison's  furrow.  Expira- 
tion was  prolonged  over  the  upper  lobes  of  both  lungs.  Numerous  moist 
rales  were  heard  over  the  entire  posterior  aspect  of  the  left  lung  and  in  the 
left  lower  axillary  region.  There  was  pronounced  pi'ecordial  bulging  and 
diffuse  heaving  synchronous  with  the  heart  beat,  the  point  of  maximum 
intensity  being  in  the  sixth  interspace  slightly  to  the  right  of  the  left 
anterior  axillary  line.  The  cardiac  impulse  was  marked  and  sudden  and 
was  preceded  by  a  rough  vibratory  presystolic  thrill.  The  right  cardiac 
border  was  5  cm.  to  the  right  of  the  mid-sternal  line,  and  the  left  border 
12  cm.  to  the  left,  at  the  third  interspace.    A  presystolic  rumble  terminat- 

*  Submitted  for  publication  ISIarch  27,  1913. 

*  From  the  Hospital  of  the  Rockefeller  Institute  for  Medical  Research,  Xew 
York. 
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ing  in  a  sharp  flapping  first  sound  was  heard  at  the  apex  and  was  fol- 
lowed by  a  short  puffing  murmur,  heard  over  a  wide  area  including  the 
left  axilla.  The  second  sound  at  the  pulmonic  area  was  markedly  accen- 
tuated and  louder  than  that  at  the  aortic  area.  The  rhythm  was  regular. 
The  abdomen  showed  marked  epigastric  pulsation.  The  blood,  urine  and 
feces  showed  no  abnormalities. 

Treatment. — The  patient's  condition  remained  unchanged  for  five 
days,  during  which  period  the  pulse-rate  averaged  120,  the  rhythm  being 
always  regular  and  the  heart  sounds  continuing  as  noted  at  the  first 
examination.  It  is  not  known  whether  digitalis  had  been  administered 
before  her  admission,  but  on  Jan.  22,  1912,  the  tincture  of  digitalis  was 
first  prescribed  in  the  hospital,  the  dose  being  1  dram  a  day.  After 
the  administration  of  one-half  dram,  the  patient  was  awakened  by 
severe  palpitation.  The  resident  physician  noted  at  this  time  that  the 
apex  rate  had  fallen  to  80  and  that  the  pulse  was  grossly  irregular  in 
rhythm  and  in  force.     The  patient  was  not  seen  by  the  physician  in 


Fig.  1. — The  upper  line  shows  the  time  in  0.2  seconds.  The  second  and  third 
lines  are  curves  of  the  jugular  (venous)  and  radial  pulses.  Complete  irregu- 
larity of  the  heart  (auricular  fibrillation)   is  present. 

charge  imtil  2  drams  of  the  tincture  of  digitalis  had  been  administered. 
The  medication  was  then  discontinued.  It  was  noted  at  this  time  that 
the  presystolic  murmur  and  thrill  had  disappeared.  In  a  polygraphic 
tracing  taken  January  24,  the  radial  curve  showed  a  pulsus  irregularis 
perpetuus;  and  the  venous,  the  ventricular  type. 

All  subsequent  tracings  were  of  the  same  character,  so  that  the  con- 
clusion was  reached  that  auricular  fibrillation  was  present.  The  slower 
rate  of  the  ventricles  continued  until  the  patient  was  discharged  from  the 
hospital,  Feb.  7,  1912.  The  change  to  a  slower  rate  and  an  irregular 
rhythm  coincided  with  rapid  improvement  in  the  general  condition,  and 
also  in  regard  to  dyspnea,  cough  and  cyanosis.  When  the  patient  left 
the  hospital,  the  circulation  was  restored  to  a  condition  of  compensation. 

Second  Admission. — On  her  second  admission,  March  12,  1912,  the 
patient  was  brought  to  the  hospital  in  a  condition  of  orthopnea.  The 
temperature  was  102.6  F, ;  the  cardiac  rhythm  was  completely  irregular, 
the  apex  rate  being  110;  the  respirations  were  54  per  minute.  There 
was  almost  constant  coughing  with  expectoration  of  much  thin  frothy 
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fluid  which  did  not  contain  blood.  There  was  marked  general  subcu- 
taneous edema.  Auscultation  of  the  chest  disclosed  the  presence  of 
numerous  fine  and  coarse  rales  which  could  be  heard  over  the  entire 
posterior  aspect;  resonance  was  impaired  at  both  bases.  The  abdomen 
was  dome-shaped  and  flat  on  percussion  in  both  flanks.  The  liver  was 
pulsating  and  its  lower  border  extended  7  to  8  cm.  below  the  costal 
margin  at  the  mid-clavicular  line.  The  urine  contained  albumin  and 
hyaline  and  granular  casts.  Next  morning  at  9  :30,  after  having  passed 
a  fairly  comfortable  night,  the  patient  was  in  no  distress.     One  hour 
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Fig.  2. — Cliart  showing  average  pulse-rate  as  affected   by  digitalis. 

later  she  suddenly  developed  delirium  cordis,  with  urgent  dyspnea  and 
general  cyanosis.  At  this  time  Dr.  H.  G.  Schleiter  saw  the  patient  with 
one  of  us  in  consultation,  and  it  was  decided  to  administer  strophanthin 
intravenously,  and  to  follow  this  by  1  dram  of  the  tincture  of  digitalis 
daily  by  mouth.  The  injection  was  subsequently  carried  out  by  Dr. 
Schleiter,  who  has  kindly  furnished  the  following  note  and  the  accom- 
panying tracing: 

"March  13, 1912.    At  11 :20  a.  m.,  the  patient  was  in  extreme  distress, 
sitting  up  against  pillows  and  panting  for  brcatli.     The  following  con- 
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ditions  were  noted :  The  lower  extremities  were  extensively  edematous. 
The  right  border  of  the  heart  was  2  inches  to  the  right  of  the  mid-line; 
the  left  border  was  4  inches  to  the  left  in  the  third  interspace ;  the  apex, 
5  inches  to  the  left  in  the  sixth  interspace.  The  pulse-rate,  taken  at  the 
apex,  was  164  per  minute  and  showed  complete  arhythmia.  Jugular 
tracings  were  not  obtainable,  but  the  radial  pulse  showed  beats  varying 
constantly  in  time  and  force,  with  no  underlying  dominant  rhythm 
demonstrable;  it  does  not  appear  reasonable  to  doubt  that  auricular 
fibrillation  was  present.  Fluid  was  present  at  the  bases  of  botli  pleural 
cavities.    Many  crepitant  rales  were  heard.     There  was  ascites;  the  liver 


Fig.  3. — A  curve  of  the  radial  artery  before  the  administration  of  strophanthin.. 
0.5  nigm.,  intravenously. 
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Fig.  4. — The  same  thirty  minutes  after  the  intravenous  injection. 

pulsated  and  the  edge  was  felt  at  the  level  of  the  umbilicus.  -The  patient 
was  given  an  intravenous  injection  of  0.5  milligrams  strophanthin. 
Within  five  minutes  she  appeared  less  ill,  and  in  twenty  minutes  she  was 
breathing  quietly  as  if  after  a  hypodermatic  injection  of  morphin;  the 
pulse,  still  showing  fibrillation,  had  fallen  to  a  rate  of  116  per  minute. 
A  second  injection  of  strophantliin  (0.5  milligrams)  was  given  at  3:30 
p.  m.  It  is  of  interest  to  note  that  after  7  drams  of  the  tincture  of 
digitalis  had  been  administered,  the  pulse-rate  had  fallen  to  84  per 
minute  and  the  patient's  condition  had  greatly  improved.     The  heart 
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outline  had  not  been  redueed,  the  characteristic  irregidarity  was  still 
present,  and  the  liver  border  still  remained  at  the  level  of  the  umbilicus, 
where  it  had  been  on  admission  to  the  hospital." 

On  the  da.Y  following  and  for  several  days  subsequent  to  the  injection 
of  strophanthin,  considerable  pain  and  swelling  were  present  in  the  arm 
which  had  been  chosen  for  its  administration.  Urgent  subjective  symp- 
toms did  not  return.    During  the  first  three  davs  after  the  beginniuir  of 


Fig.  5. — Micro])h()to<.n-:i])l:  of  tin-  ^iiKi-auriciiliir  ikkIc.  Slido  257.  The  peri- 
cardium is  directeil  upward.  'I  lie  new-formed,  tliiii-walled  blood-vessels  are  seen 
in  the  subpericardinl  fat.  'I"li<'  node  lias  a  triaiijiiilar  slinpo.  liase  toward  the 
pericardium. 

the  administration  of  digitalis,  tlie  rate  of  the  heart  occasionally  reached 
120  to  135,  but  subsequently  it  fell  to  normal  and  remained  so  after  tlie 
withdrawal  of  the  drug.  Improvement  was  progressive.  On  March  24 
the  urine  was  free  from  albumin  and  casts.  The  patient  was  discharged 
in  April,  1012,  with  the  circulation  faiily  well  mainiaincd. 

Third  Admission. — About  five  weeks  laiei',  on  May  21,  1!J12.  tlie 
patient  was  admitted  for  a  third  time.    She  said  that  she  had  been  very 


ALFRED     E.     OHX— JAMES     D.     HEARD 


(535 


comfortable  since  leaving  the  hospital,  spending  most  of  her  time  in  her 
chair.  She  had  taken  no  medicine.  The  evening  before  admission  she 
began  to  be  short  of  breath,  the  dyspnea  soon  becoming  very  urgent.  On 
admission,  the  patient  was  found  to  be  in  a  condition  of  marked  decom- 
pensation. She  had  orthopnea,  cyanosis,  general  edema,  anasarca  and 
albuminnria.  The  temperature  was  normal;  the  respirations  40;  the 
rate  of  the  heart  at  the  apex  160;  the  radial  pulse  was  weak  and  inter- 


Fig.  0. — IMicropliotograjih  of  the  sino-auricular  node.  Slide  309.  The  node  has 
an  elongated  form,  its  long  axis  parallel  to  the  pericardium.  A  normal  relation 
between  muscle  and  connective  tissue  is  seen. 


mittent,  the  average  rate  being  about  100;  the  area  of  cardiac  dulness  was 
like  that  on  the  previous  admission ;  the  lower  border  of  the  liver  was  at 
the  level  of  the  umbilicus.  There  was  constant  coughing  and  expectoration 
of  much  white  frothy  fluid.  The  patient  was  given  the  tincture  of  digi- 
talis. She  had  four  hours  sleep  after  two  injections  of  one-fourth  grain 
of  morphin  sulphate.  She  suffered  less  discomfort  next  morning,  but  in 
the  evening  had  marked  dyspnea,  tossed  about  in  bed  and  refused,  at 
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times,  to  answer  questions.  Sti'ophantliin  (1  milligram)  was  admin- 
istered intravenously  by  the  resident  physician,  but  some  of  the  solution 
escaped  into  the  tissues  so  that  it  was  not  possible  to  determine  the  exact 
quantity  which  was  absorbed.  The  patient  gradually  became  more  com- 
fortable, but  no  striking  change  in  her  condition  was  noticed.  May  23, 
1912,  the  patient  was  very  cyanosed  and  moved  continually  in  bed.  She 
was  stuporous,  but  responded  to  questions.  Her  temperature  was  normal: 
the  heart  rate  at  the  apex  was  120,  and  the  radial  ]nilse  80.  After  a  vein 
had  been  exposed  by  dissection,  strophanthin  (1  milligram)  was  injected 
into  it,  but  without  apparent  result  on  the  heart  rate  or  mass  movement 
of  blood.  Two  days  later.  May  25,  1912,  the  temperature  suddenly  rose 
to  105.4:  F.,  without  a  premonitory  chill.  The  patient  was  very  restless. 
There  was  marked  icterus.  The  leukocytes  numbered  15,000.  and  in  the 
differential  count  there  were  95.6  per  cent,  polynuclear  cells.  Twelve 
ounces  of  blood  were  withdrawn  by  venesection.  During  May  26,  1912. 
the  temperature  again  reached  105.4  F.  The  patient  was  very  restless 
and  cyanotic.  On  the  next  day  there  was  progressive  failure  of  the 
circulation.  The  cardiac  impulse  was  tapping  in  character,  and  the 
rhythm  was  grossly  irregular.  Pulmonary  edema  set  in.  The  temper- 
ature ranged  between  101  and  106  F.  Death  occurred  May  28,  at  2  -.30 
a.  m.  Blood-culture  showed  the  presence  of  an  unidentified  streptococcus. 
An  autopsy  Avas  performed  several  hours  later  by  Dr.  Oskar  Klotz.  to 
whom  we  are  indebted  for  the  report  of  the  post  mortem  examination. 

NECEOPSY 

The  body  was  that  of  a  slightly  Iniilt  woman  of  about  middle  age.  The 
nutrition  was  fair.  The  pupils  were  both  dilated,  the  left  being  larger  than  the 
right.  The  breasts  were  small  and  atrophied.  There  was  some  excoriation  of 
the  skin  over  the  sacrum.  The  external  orifices  were  without  change.  The 
skin  tissue  eveiywhere  sliowcd  a  marked  yellow  pignu'iitation.  as  did  also  the 
sclera. 

Xecl-  Orfifuis:  TIk'  tracliea  was  a  little  congested  but  did  not  contain  excessive 
exudate.  The  lymph-nodes  at  the  bifurcation  of  the  trachea  showed  a  single 
small  calcareous  nodule  the  size  of  a  mustard  seed.  The  esophagus  showed  no 
change.  The  thyroid  was  not  enlarged  but  was  ratlier  meaty  looking.  The  tissue 
of  the  ne-ck  below  the  thyroid  gland  appeared  edematous,  and  in  it  were  several 
dark  red  lymph-nodes. 

Thorax:  'J'liere  were  some  old  adliesions  along  tlie  posterior  V)0rder  of  each 
lung.  The  apex  on  each  side  was  free.  ilicre  was  no  excess  fluid  in  either 
pleural  cavity.     The  pericardium  contained  about  75  c.e.  of  a  clear  yellow  fluid. 

Left  Lung:  The  organ  crepitated  throughout.  The  tissues  appeared  a  little 
lieaA^y,  but  there  was  no  evidence  of  edema.  Tliere  was  only  a  slight  marbling 
of  black  pigment.  On  section  the  lung  substance  was  a  little  congested.  Tlie 
arteries  of  the  lung  showed  some  irregular  thickening  of  their  walls.  The  hilus 
nodes  were  not  enlarged.     The  bronchi  appeared  quite  clear. 

Right  Lung:  The  organ  was  very  similar  to  that  on  the  left  side.  There  was 
some  slight  congestion  but  no  edema".  In  one  of  tlie  main  pulmonary  arteries 
there  Avas  a  flat  area  showing  adherent  grayish  red  clot.  This  clot  did  not 
obstruct  the  artery.     '!1m'  liilus  nodes  were  without  change. 

Heart:     See  below. 
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Aorta:  Tlie  aorta  showed  some  dill'use  tliiekening  of  tlie  intinia  in  the  arch 
and  in  tlie  descending  thoracic  portion.  The  carotid  arteries  showed  some  irregu- 
lar nodnlar  areas  near  the  hifurcation. 

Abdomen:  On  opening  the  abdomen  the  partially  distended  small  intestine 
protruded.  The  great  omentum  showed  an  adhesion  to  the  right  of  the  broad 
ligament.  The  spleen  was  connected  by  old  adhesions  to  the  diaphragm.  There 
were  some  old  bands  of  fibrous  tissue  between  the  left  lobe  of  the  liver  and 
the  diaphragm.  The  left  ovary  had  some  adhesions  to  the  sigmoid.  There  was 
no  excess  fluid  in  the  peritoneal  cavity. 

Alimentary  Canal:  The  stomach  and  intestines  showed  nothing  unusual. 
There  was  some  congestion  of  the  lower  portion  of  the  small  and  large  intestines. 
The  mesenteric  lymph-nodes  were  not  enlarged. 

Liver:  The  organ  was  rather  swollen  and  was  flabby.  The  outer  surface 
of  the  left  lobe  showed  some  old  adhesions.  The  organ  was  quite  pale  in  color. 
The  gall-bladder  contained  thick  brown  bile,  which  contained  many  pigmented 
granules.  The  liver  on  section  was  bright  yellow,  in  which  some  dark  red  spots 
and  streaks  could  be  distinguished.  The  lobules  were  not  distinctly  marked. 
There  was  no  evidence  of  fibrosis.  The  yellow  areas  were  not  definitely  depressed 
but  some  resembled  areas  of  necrosis. 

Spleen:  The  spleen  was  tense  and  firm.  On  section  the  organ  appeared  dark 
and  firm  in  certain  areas,  while  in  others  the  tissue  was  soft  and  could  be 
readily  scraped  with  a  knife.  The  softer  areas  appeared  more  particularly  in 
the  center  of  the  organ.     The  Malpighian  bodies  were  indistinct. 

Kidneys:  Both  organs  were  very  much  alike.  In  each  instance  the  capsule 
was  quite  thin  and  not  adherent.  The  cortex  was  gray  and  somewhat  swollen; 
it  was  poorly  defined  from  the  medulla.     The  pelvis  and  ureters  were  normal. 

Adrenals :  Both  adrenals  were  quite  large.  The  cortex  was  red  and  showed 
no  evidence  of  fat.     The  medulla  was  not  enlarged  and  was  of  a  gray  color. 

Bladder:     The  organ  was  of  good  size.     The  walls  were  thin  and  pale. 

(ienitalia:  The  tubes  were  both  normal.  The  ovary  in  the  left  side  contained 
a  cyst  2.5  cm.  in  length.  The  uterus  was  normal  in  size  and  appearance.  The 
cervix  showed  the  presence  of  two  old  tears.  In  the  vagina  there  was  some 
excoriation  of  the  epithelium  on  the  posterior  wall  just  below  the  cervix. 

MICROSCOPICAL    REPORT 

Lymph-Nodes :  The  lymph  sinuses  throughout  were  much  dilated,  as  were 
also  the  blood-vessels.  The  sinuses  were  filled  with  lymphocytes,  a  few  polymorpho- 
nuclear leukocytes  and  occasional  endothelial  cells.  There  was  much  carbon 
pigment. 

Lung:  The  alveoli  were  of  usual  size.  Their  walls  were  thin  and  there  was 
no  evidence  of  any  inflammatory  exudate  into  the  alveoli. 

Heart:  Sections  of  the  heart  muscle  showed  a  rather  poorly  staining  tissue 
in  which  the  muscle  fibers  did  not  stain  evenly.  The  muscle  fibers  appeared 
rather  narrow.  The  striations  of  the  muscle  fibers  were  indistinct  and  these 
w^ere  seen  in  broken  fragments  in  the  neighborhood  of  some  of  the  blood- 
vessels. About  these  blood-vessels  was  an  excess  amovmt  of  connective  tissue. 
In  other  places  the  capillaries  lying  between  the  muscle  bundles  were  distended 
with  blood  with  occasional  extravasation  of  red  blood-cells  into  the  surrounding 
tissue.  Here  and  there  a  number  of  polymorphonuclear  leukocytes  were  seen 
in  the  interstitial  tissue.  Portions  of  the  heart  nuisclo  cut  on  the  freezing 
microtome  showed  an  abundance  of  fat  deposited  within  the  muscle  cells.  This 
fatty  degeneration  was  irregidarly  distributed  through  the  tissue;  in  places  it 
was  very  marked.  Islands  of  connective  tissue  were  also  evident  in  the  vicinity 
of   the  blood-vessels. 

Thyroid:  Sections  of  the  tliyroid  gland  showed  tissue  with  many  medium  sized 
alveoli  containing  colloid  material.  The  alveolar  walls  were  quite  tliin  and  the 
epithelium  somewhat  flattened. 
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Kidney:  In  the  cortex  of  the  organ  the  glomeruli  were  of  good  size  and  they 
commonly  showed  fairly  wide  capsular  spaces.  The  tubules  of  the  cortex  were 
large,  many  of  them  had  wide  lumina  and  contained  some  debris.  The  cells 
lining  the  tubules  were  of  irregular  size  and  stained  poorly. 

Liver:  The  structure  of  the  organ  was  much  altered.  The  central  zones  of 
the  lobules  were  almost  entirely  destroyed,  there  being  no  liver  columns  in  these 
regions.  The  sinuses  were  much  dilated  and  there  appeared  to  be  an  extravasa- 
tion of  red  blood  cells  into  the  surrounding  tissues.  Each  lobule  showed  only 
a  rim  of  liver  cells  in  the  periphery. 

Spleen:  The  organ  was  intensely  congested  so  that  tlie  normal  markings  were 
almost  obliterated.     Tlie  IMalpighian  bodies  were  small. 

'  BACTERIOLOGICAL  KEPORT 

Blood  taken  a  day  before  death  contained  streptococci.  The  biologic  character 
of  this  organism  was  not  identified. 

Pathologic  and  Bacteriologic  Diagnosis:  (Rheumatism);  chronic  sclerotic 
mitral  endocarditis;  stenosis  of  mitral  valve;  chronic  interstitial  myocarditis; 
chronic  sclerotic  aortic  endocarditis  (slight)  ;  dilatation  of  heart  (left  ventricle 
and  right  auricle)  ;  hypertrophy  of  heart  (left  ventricle)  ;  milk  spots  of  heart; 
fatty  degeneration  of  heart;  acute  interstitial  myocarditis;  hydropericardium ; 
thrombosis  of  pulmonary  artery;  sclerosis  of  pulmonary  artery;  old  bilateral 
pleural  adhesions;  obsolete  tuberculosis  of  peribronchial  glands;  chronic  con- 
gestion of  lung;  peritoneal  adhesions;  chronic  perisplenitis;  cardiac  spleen  with 
acute  sjjlenitis;  chronic  perihepatitis;  nutmeg  liver;  bile  sand;  central  necrosis 
of  liver;  hemorrhage  into  liver;  cloudy  swelling  of  kidney;  enlarged  adrenals; 
cyst  of  ovary;  chronic  perisalpingitis;  old  laceration  of  cervix;  decubitus  ulcer 
of  sacrum  and  vagina;   septicemia    (streptococcus). 

TECHNIC    OF   EXAMIXATIOX    OF    HEART 

Heart:  The  heart  was  fixed  in  Zenker's  solution.  The  area  containing  the 
sino-auricular  r.ode  was  washed  and  hardened  in  alcohol.  The  rest  of  the  heart 
was  taken  out  of  Zenker's  solution,  washed  in  running  water  and  then  sent  for 
examination  in  a  1  per  cent,  formaldehyd  solution.  It  was  then  washed  and 
preserved  in  alcohol.  The  length  of  the  heart  in  the  fixed  state  was  12  cm.  from 
the  auriculo-ventricular  groove  to  the  apex  on  the  anterior  surface,  and  9  cm. 
on  the  posterior  surface.  There  was  a  moderate  amount  of  subpericardial  fat 
along  the  right  border  of  the  heart;  here  there  was  a  milk  spot  measuring  4  by 
2.5  cm.  A  similar  one  measuring  1.5  by  1.5  cm.  was  found  near  the  apex  on 
the  anterior  surface  of  the  right  ventricle.  The  cavity  of  the  right  auricle  was 
dilated  but  not  hypertrophied.  The  endocardium  was  white  and  somewhat  yel- 
lowish. A  small  Cliiari  net  guarded  the  opening  of  the  coronary  sinus.  The 
tricuspid  valve  admitted  three  fingers;  the  borders  of  tlie  flaps  were  thickened. 
The  right  ventricle  was  neither  dilated  nor  hypertrophied.  'I'he  pulmonary  valve 
was  normal.  The  cavity  of  the  left  auricle  was  much  dilated.  The  endocardium 
was  thick  and  white.  There  were  no  vegetations.  Tiie  mitral  valve  admitted  two 
fingers.  The  edges  of  the  flaps  were  much  thickened  and  were  rolled  in  on  the 
auricular  surface.  The  cavity  of  the  left  ventricle  was  slightly  dilated  but  not 
hypertrophied.  The  wall  measured  15  mm.  at  the  base,  17  mm.  at  the  level  of 
the  papillary  muscles  and  8  mm.  at  the  apex.  The  outflow  tract  of  the  ventricle 
was  more  dilated  than  the  left  half  of  the  cavity,  and  the  endocardium  lining 
it  was  Avhite.  The  chordae  tendineae  were  shorter  and  slightly  thicker  than 
normal.  There  were  two  small  false  posterior  moderator  bands.  The  corpora 
Arantii  of  the  cusps  of  the  aortic  valve  were  thickened.  The  cusps  themselves 
were  adherent  to  each  other  at  their  points  of  intersection;  otherwise  they  were 
normal.  The  coronary  nrieries  wore  iinnnal.  The  hearl  presented  no  coiigciiilal 
anomalies. 

Sino-Aiiriciilar  Node:  The  area  at  tlie  cavo-auricular  jiiiictinn  containing 
the  sino-auricular  node  was  hardened,  embedded,  cut  and  staiiinl    in  the  maimer 
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employed  ami  described  elsewhere.-  The  sections  were  cut  at  a  thickness  of 
12  microns  at  right  angles  to  the  long  axis,  and  every  fifth  section  was  mounted. 
On  account  of  the  fixation  in  Zenker's  solution,  bichlorid  precipitation  occurred 
but  was  removed  successfully  by  immersing  the  sections  in  Lugol's  solution  for 
one  week  before  staining.  The  number  of  sections  cut  was  2,235,  so  that  the 
length  of  the  node  after  embedding  was  26.82  mm.^  The  relation  of  the  upper 
extremity  of  the  node  to  the  cavo-auricular  junction  could  not  be  ascertained 
because  the  tissues  had  been  excised  from  the  heart  before  it  was  sent  for  exam- 
ination, and  the  normal  morphologic  landmarks  were  consequently  destroyed. 
The  shape  and  dimensions  of  the  transverse  section  of  the  node  varied  at  different 
levels.  In  its  upper  extremity  it  was  circular  and  its  diameter  was  1  mm.  It 
lay  directly  under  the  pericardium,  the  wall  of  the  auricle  measuring  3.5  mm. 
There  was  a  small  hemorrhage  close  to  the  node.  In  the  subpericardial  fatty 
and  connective  tissue  and  also  sometimes  encroaching  on  the  substance  of  the 
node  itself,  but  confined  almost  wholly  to  the  nodal  area,  there  were  many  thin- 
walled  blood-vessels,  probably  inflammatory  or  degenerative  in  origin.  All  of  these, 
as  well  as  the  other  vessels  seen  in  this  series,  showed  very  marked  congestion.  A 
short  distance  below  its  upper  extremity,  the  node  lay  2  mm.  deep  from  the  peri- 
cardium and  precisely  at  the  junction  of  the  taenia  terminalis  and  the  atrium.  It 
measured  4  by  0.5  mm.,  the  long  axis  being  parallel  to  the  pericardium.  The  shape 
was  roughly  triangular,  except  that  the  angles  were  much  rounded  oft'.  The 
structure  of  the  node,  aside  from  the  abnormalities  noted,  was  normal,  both  in 
the  total  quantity  of  muscle  present  and  in  the  relation  of  this  amount  to  that 
of  connective  tissue.  An  unusual  arm  projected  outward  from  its  left  border 
toward  the  pericardium,  continued  parallel  with  it  a  short  distance  and  was 
finally  lost  in  the  muscular  structure  of  the  auricle.  At  a  level  still  lower,  the 
node  measured  6  by  1  mm.  and  lay  only  0.5  mm.  from  the  pericardium.  The 
largest  jjroportions  the  node  attained  were  6.5  by  1.5  mm.,  13.74  mm.  from  the 
upper  extremity.  From  this  point  onward,  the  dimensions  of  the  node  became 
rapidly  reduced  and  the  structure  terminated  in  a  tail,  the  larger  part  of  which 
was  formed  of  connective  tissue. 

The  relation  of  muscle  to  nerves  and  ganglia  was  unusually  close.  At  all 
levels  there  were  collections  of  ganglion  cells  in  the  space  between  the  pericardium 
and  the  muscle  layer.  Nerve  bundles,  both  small  and  relatively  large,  were  found 
in  the  same  situations  and  also  within  the  structure  of  the  node  itself.  About 
the  nerve  ganglia  and  nerve  fibers  the  new-formed,  thin-walled  blood-vessels,  which 
have  been  described,  were  found  in  rather  large  numbers.  The  artery,  which  is 
so  often  found  in  relation  to  the  node,  had  at  a  low  level  a  distinct  reduction 
in  the  diameter  of  the  lumen,  due  to  an  endarteritic  process.  This  vessel  showed 
no  other  point  of  interest  except  collections  of  smooth  muscle  fibers  arranged 
in  bundles  and  irregularly  distributed  about  tlie  vessel  as  an  external  longitud- 
inal layer,  similar  to  that  which  has  been  observed  to  lie  about  the  central  venous 
sinuses  of  the  adrenal  glands. 

The  Conduction  System:  The  block  containing  this  system  was  excised  in  the 
usual  manner.  It  was  cut  in  sections  12  microns  thick  in  a  plane  at  right  angles 
to  the  long  axis  of  the  heart.  Every  fifth  section  was  mounted.  In  the  inter- 
auricular  septum  both  muscle  tissue  and  fat  showed  the  presence  of  many  leuko- 
cytes and  lymphocytes  in  groups  and  also  lying  between  the  strands  of  muscle 
fibers.  The  auriculonodal  junction  was  of  sufficient  size  but  was  inflamed.  The 
auriculoventricular  node  was  of  normal  size,  large  rather  than  small,  showing; 
the  characteristic  interlacing  of  the  fibers,  but  poorer  in  nuclei  than  is  usual. 
There  was  a  fairly  well  marked  inflammatory  process  of  the  nature  described 
and  also  moderately  large  collections  of  inflammatorv  cells  Avithin  tlie  substance 


2.  Heart.    1911,   ii,   245. 

3.  The  length  of  the  node  in  another  lieart  weighing  S9!1  gm.,  already  reported 
(Heart,  1912,  iv,  24)  measured  21.55  mm.  Koch  (Med.  Klin.,  1911.  Xo.  12) 
gives  the  length  as  about  3  cm.,  but  cites  no  specific  examples. 
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of  the  node.  A  similar  inflammatory  lesion  was  also  found  near  the  beginning 
of  the  main  stem.  It  lay  just  outside  the  bundle  and  extended  a  short  distance 
along  the  sheath.  It  did  not  compress  the  bundle.  The  main  stem  was  large, 
well-developed,  normal  in  appearance  and  intact  from  auricles  to  ventricles.  Just 
before  the  division  of  the  main  stem  into  the  ventricular  branches,  there  was 
another  area  showing  an  infiltration  with  leukocytes  and  lymphocytes.  From 
the  point  of  division  onward,  the  branches,  more  especially  the  right,  showed 
only  slight  inflammatory  lesions.  Both  branches  were  normal  in  size,  the  right 
a  little  larger  than  the  left  at  the  beginning. 

Resume:  The  sino-auricular  node  showed  normal  relations  between  the 
amounts  of  connective  tissue  and  muscle :  there  was  no  sclerosis,  but  an  inflam- 
matory lesion  in  slight  part  within  the  substance,  but  for  the  most  part  without, 
though  in  the  neigliborhood  of  the  node.  The  auriculoventricular  node  was 
inflamed  to  a  far  greater  extent  than  the  sinus  node  and  contained  abscess-like 
bodies.  Similar  smaller  collections  were  found  in  the  main  stem.  Congestion 
was  a  marked  feature  of  the  lesion  throughout.  There  was  no  break  in  continuity 
of  the  conduction  system. 

DISCUSSION   AND    SUMMARY 

A  case  is  described  in  Avhich^  while  the  patient  was  under  observation, 
a  sequential  rhythm  changed  to  complete  irregularity  of  the  cardiac 
mechanism,  due  to  auricular  iibrillation.  It  is  extremely  doubtful 
whether  the  one-half  drachm  of  digitalis  which  the  patient  received 
could  have  been  responsible  for  the  altered  rhythm,  even  if  she  had  been 
given  the  drug  before  admission  to  the  hospital,  five  days  before.  Xeither 
can  the  fall  in  ventricular  rate  from  120  to  80,  occurring  with  the  onset 
of  fibrillation,  be  ascribed  to  an  administration  of  digitalis  extending 
over  only  half  a  day.  The  fall  in  rate  occurring  with  the  onset  of  auric- 
ular fibrillation  is  ditficult  to  explain,  but  it  occurs  in  other  conditions 
of  which  we  have  only  slight  knowledge.  The  action  of  strophanthin 
administered  intravenously  was  studied  and  showed  a  strikingly  beneficial 
effect  on  the  circulation  and  the  subjective  symptoms  of  the  patient. 
The  post  mortem  examination  showed  a  lesion  of  the  sino-auricular  node, 
but  it  cannot  be  definitely  asserted  that  a  relation  exists  between  the 
lesion  described  and  tbe  clinical  irregularitv  that  was  studied. 


THE   DELATION    OF   HEAET-BLOCK    TO   LESIOXS    OF   THE 

AlEICULOVEXTEICULAE    BUNDLE,    WITH 

EEPOET    OF    A    CASE* 
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In  view  of  the  present  interest  in  the  rehition  of  demonstrable  ana- 
tomical changes  in  the  anriculoventricnlar  conduction  system  to  the 
changes  in  the  function  of  this  system,  the  present  case  may  be  found  of 
interest.  It  will  serve  as  an  instance  of  how  extensive  the  anatomical 
disturbance  of  the  bundle  may  be  without  destruction  of  its  function. 

CASE    ItEPORT 

History. — The  patient  entered  the  Xew  York  Hospital  March  IS,  1912.  on 
the  service  of  Dr.  L.  A.  Conner,  to  whose  kindness  I  am  indebted  for  permission 
to  use  the  case.  He  was  an  Italian  laborer,  aged  23.  Venereal  infection  was 
denied,  nor  was  there  a  history  of  secondary  or  tertiary  syphilitic  manifesta- 
tions. He  had  used  considerable  beer  and  whisky  for  the  last  four  or  five  years. 
He  had  never  had  chorea  or  any  rheumatic  manifestations.  He  had  had  typhoid 
fever  in  late  childhood,  but  otherwise  had  always  been  healthy  until  the  present 
illness. 

Three  months  before  admission  to  the  hospital,  both  knees  became  painful, 
swollen  and  tender,  and  shortly  afterward  his  wrists,  hands,  shoulders  and  ankles 
were  similarly  affected.  He  felt  feverish,  had  considerable  headache,  and  per- 
spired freely.  He  was  very  weak  and  so  prostrated  that  he  remained  in  bed.  Soon 
after  the  onset  of  the  joint  symptoms  he  began  to  be  troubled  by  palpitation  and 
moderate  shortness  of  breath,  and  there  was  also  a  slight  dry  cough.  His  con- 
dition had  remained  about  the  same  until  admission  to  the  hospital. 

Examinaiion. — On  admission  at  12  m.,  his  rectal  temperature  was  98.4  F. 
his  pulse  82  per  minute,  and  his  respirations  20  per  minute.  He  seemed  normal 
in  appearance,  but  sliglitly  dyspneic.  The  skin  and  mucous  membranes  were 
both  pale  and  slightly  subicteric.  The  eyelids  were  slightly  edematous,  the  sclerae 
faintly  subicteric.  His  radial  pulses  were  equal,  regular,  full  and  of  good  ten- 
sion. The  vessel  wall  was  slightly  thickened:  the  pulse  wave  seemed  to  have  a 
slow,  strong  impact  and  a  slow  fall.     There  was  no  venous  engorgement. 

The  cardiac  impulse  was  felt  diffusely  in  the  fifth  and  sixth  spaces,  the  maxi- 
mum impact  being  in  the  sixth  space.  13  cm.  to  the  left  of  the  mid-line.  The 
action  was  strong  and  heaving.  84  beats  per  minute  and  regular.  Cardiac  dul- 
ness  extended  to  the  right  of  the  mid-line.  3.5  cm.  in  the  fourth  space,  and  to 
the  left  of  the  mid-line  15  cm.  in  the  sixth  space,  12  cm.  in  the  fifth  space,  8.5 
cm.  in  the  fourth  space.  7  cm.  in  the  third  space,  and  2.5  cm.  in  the  second 
space.  A  fine  systolic  thrill  could  be  felt  over  the  upper  part  of  the  sternum  and 
in  the  vessels  of  the  neck.  The  first  sound  at  the  apex  was  loud  and  booming 
and  accompanied  by  a  blowing  systolic  murmur  of  moderate  intensity,  well 
transmitted  to  the  left.  The  second  sound  was  followed  immediately  by  a  low- 
pitched,  rumbling  murmur  which  ran  through  all  of  diastole  except  for  a  very 
brief  pause  before  the  first  sound.     These  signs  were  localized  over  an  area  about 

"'  Submitted   for  publication,   April    10.    1913. 
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5  em.  in  diameter  about  the  apex  impulse.  Outside  of  this  area  loud  hl(]\ving 
systolic  and  diastolic  murmurs  were  heard.  At  the  base  was  a  loud,  rough 
systolic  murmur,  best  heard  to  the  right  of  the  sternum  in  the  second  space, 
transmitted  in  all  directions,  and  heard  in  the  vessels  of  the  neck.  There  was 
also  a  loud  blowing  diastolic  murmur,  heard  best  to  the  left  of  the  sternum  in 
the  third  space,  but  transmitted  all  over  the  precordium. 

There  was  no  deformity  of  the  bony  thoiax.  The  lungs  showed  no  aluminial 
signs.  The  abdomen  was  soft  and  not  distended,  but  was  slightly  tender  in  the 
region  of  the  epigastrium.  Liver  dulness  extended  from  the  sixth  rib  to  the 
costal  margin  in  the  mid-clavicular  line.  The  edge  was  indistinctly  felt  5  cm. 
below  tlie  tenth  rib  and  was  not  tender.  The  spleen  was  not  made  out  to  be 
enlarged.  The  inguinal  lymph-nodes  were  slightly  enlarged  and  soft,  but  else- 
where the  nodes  were  not  enlarged.  The  fingers  showed  faint  capillary  pulsa- 
tion and  a  moderate  degree  of  clubbing.  No  pistol  shot  sound  was  heard  over 
the  femoral  artery.  Both  wrists  and  ankles,  though  not  swollen  or  reddened, 
were  slightly  ])ainful  on  movement  and  tender  to  pressure.  Both  knees  were 
moderately  swollen,  tender  and  painful  but  not  reddened.  They  contained  some 
fluid  and  thickened  synovial  fringes.  The  legs  below  the  knees  were  slightly 
edematous.  The  blood  showed  hemoglobin  64  per  cent.  (Sahli),  white  blood 
corpuscles  17.700.  polymorphonuclears  84  per  cent.,  mononuclears  13  per  cent., 
eosinophils  2  per  cent.,  basophils  1  per  cent.  The  urine  contained  a  very  faint 
trace  of  albumen,  but  no  casts. 

.Management  and  Course. — During  the  next  forty-eight  hours  the  temperature 
varied  from  99  to  101  F.  The  pulse,  96  and  90  beats  per  minute  on  the  day  of 
admission,  was  80  during  the  next  day  and  72  on  the  morning  of  the  third  day. 
It  was  always  regular,  and  the  rate  remained  quite  uniform,  showing  no  alirupt 
variation,  only,  as  noted,  a  gradual  slowing. 

He  was  kept  continuously  in  bed.  Beginning  on  tlie  morning  of  [March  19 
he  was  given  30  grains  of  sodium  salicylate  and  the  same  amount  of  sodium 
bicarbonate  every  four  hours.  During  the  night  of  March  19  he  perspired 
profusely.  On  the  morning  of  March  20  his  condition  was  noted  to  lie  improved. 
There  was  practically  no  dyspnea  and  the  joints  were  less  painful. 

At  about  4  p.  m.  on  March  20,  the  patient  complained  of  feeling  very  weak 
and  became  very  pale.  He  said  he  had  never  had  such  an  attack  before.  The 
radial  pulse  was  imperceptible,  the  carotid  pulsations  and  apex  beat  being  36 
to  the  minute.  The  cardiac  dulness  and  murmurs  were  unchanged.  There  was 
no  venous  engorgement.  The  patient  was  lying  in  bed  and  complained  of  no 
dyspnea  or  faintness.  but  felt  a  slight  precordial  discomfort,  some  pain  in  the 
opigastiium  and  great  weakness.  At  5:15  he  was  given  1/50  grain  of  atropin 
sul])liate  by  hypodermic,  but  without  ajipreciable  effect  on  the  symptoms  or 
I'ulse. 

From  the  onset  of  the  altack  the  patient's  condition  reinaiiicil  uiiclianLied. 
the  symptoms  being  few  and  mild.  At  7:15,  however,  he  became  very  clyspneic 
and  lestless  and  had  the  appearance  of  moderately  severe  shock.  The  caidiac 
dulness  now  extended  4.5  cm.  to  the  right  and  1(1  em.  in  the  left  in  llic  sixth 
space,  though  th3  murmurs  were  unchanged.  .All  over  (he  lungs  were  heard 
very  many  fine  and  medium  moist  rales  and  he  soon  began  to  cough  up  small 
an  ounts  of  thin  bloody  fluid  containing  very  little  mucus.  At  7:30  he  was 
giver  1/15  grain  of  strychnin  sulphate  by  li.\  |i<M]{>rniic  and  the  Unn  of  his  lied 
was  raised.  He  continued  dyspneic.  cougi:ing  up  bloody  material,  tlioiieli  less 
restless,  and  at  9  p.  in.  was  given  14  grain  nf  inuipliin  sulphate  and  7  grains 
of  caffein  sodio-salieylale  by  hypodermic.  .\l  ikj  time  was  his  ladial  pulse 
paipalde.  though   Hie  in'art   eonl  i niii'.l   1.,  I, eat   at    Ihe   late  of  30  to  32  per  minute. 

At  about  10  ];.  ni.  his  heait  action  la'canie  irregular,  the  irregulaiit\-  consist- 
ing in  the  frequent  occurrence  of  coupled  beats.  lie  seemed  to  be  much  better  at 
this  time,  being  no  longer  restless  and  liaving  less  enugh  and  dysjmea.  The  rales 
in  his  lungs  were  also  less  numerous.     I'mm   ](i  p.  m.  until  I  ::!(i  a.  ni.  he  euntinned 
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to  improve:  the  cough  was  less  frequent  and  his  discomfort  less.  The  carotid 
pulse  was  still  slow  and  continued  to  show  coupled  beats.  From  2  to  5  a.  m. 
the  patient  slept.  On  awakening  at  5  a.  m.  his  brachial  pulse  was  recorded  by 
the  nurse  as  29  per  minute,  and  his  respirations  as  24  per  minute.  He  seemed 
to  be  in  good  condition  aud  did  not  complain  of  any  discomfort.  Shortly  after 
this  he  was  seen  to  sit  up  in  bed  and  reach  out  for  something  beside  him.  He 
suddenly  cried  out.  and  fell  back  clutching  at  his  precordium  and  was  found 
to  be  dead. 


Fig.  1. — Jugular  and  carotid  pulse-tracings  showing  complete  htart-block: 
auricles  69.5  per  minute,  ventricles  31.5  per  minute. 

A  polygrapliic  record  of  the  jugular  and  carotid  pulses,  taken  at  4  :30 
p.  m.,  shortly  after  the  onset  of  the  attack,  showed  that  complete  auriculo- 
ventricular  dissociation  was  present  (Fig.  1).  The  auricular  rate  was 
69.5  per  minute,  the  ventricular  rate  31.5  per  minute.  In  Figure  2, 
taken  at  5  :45  p.  m.,  one-half  hour  after  the  administration  of  the  atropin, 
the  dissociation  was  still  complete.  The  auricular  rate  had  increased  to 
98.4:  per  minute  aud  the  ventricular  rate  to  34.4  per  miuute. 


Fig.   2. — Tracing  obtained   one-half  hour  after   atropin.     (  omplete  block   still 
present.     Auricles  98.4  per  minute,  ventricles  34.4  p«M-  minute. 


In  a  tracing  taken  two  hours  after  the  atropin  had  been  administered, 
and  which  it  does  not  seem  necessary  to  reproduce,  some  of  the  vagus  tone 
had  been  regained,,  for  the  auricles  had  slowed  to  85.9  per  minute  and 
the  ventricles  to  32.1  per  minute.^ 


1.  It  is  of  interest  to  note  that  tliough  the  auricular  rate  showed  the  most 
marked  result  from  the  paralysis  of  the  vagus  endings,  still  the  ventricles  seemed 
also  to  be  affected,  though  to  a  much  less  extent. 


644 


THE     MfClllVEH     OF     INTERNAL     MEDICINE 


Figure  3  is  a  curve  taken  at  10:30  p.  m.,  shortly  after  the  onset  of 
the  arhythmia.  ^.'o  definite  auricular  waves  have  been  demonstratecl 
in  this  jugular  curve,  hut  it  is  not  felt  that  this  must  prove  their  absence, 
in  view  of  the  distortion  of  the  curve  by  respiratory  waves,  and  of  the 
fact  that  even  the  ventricular  waves  are  not  well  marked.  The  carotid 
curve  shows  that  what  would  otherwise  be  a  slow  regular  rhythm  of 
33.6  per  minute  is  five  times  irregularly  interrupted  by  beats  following 
the  rhythmic  beats  at  intervals  of  0.75  second,  0.84  second,  0.60  second. 
0.83  second  and  0.83  second.  In  each  case  the  interrupting  beat  is 
followed  by  a  pause  of  the  period  of  the  rhythm  ;  i.  e..  about  1.80  seconds, 
except  in  tlie  one  instance  in  which  the  interru])ting  beat  follows  after 
0.60  second,  and  here  the  succeeding  pause  is  slightly  shorter  than  the 
rhythm  interval.  If  this  coupling  were  due  to  the  second  beat  being  the 
result  of  a  stimulus  transmitted  from  a  coordinately  contracting  auricle, 
we  should  expect  to  find  a  wave  due  to  the  auricular  contraction  occurring 
at  approximately  the  same  interval  before  each  of  these  beats.  AYe  should 
further  expect  tluit  the  time  intervals  between  these  interrupting  beats 
would  1)0  multiples  of  some  smaller  figure  representing  the  auricular  rate. 


I'ig.  -3. — I'liU-iiig  (ilitaiiicd  attci-  (uisft  of  ;nli\  1  liiiiia.  cdU^idfred  tti  >hnw 
interniption  of  the  ventricular  rhythm  of  heart-block  by  ventricular  extrasystoles. 
Figures  below  carotid  curve  represent  the  pulse  interval  in  .01  second.  The 
timer  marks  1/.5  second. 

As  neither  of  tliese  conditions  is  fulfilled,  it  is  not  believed  that  llie 
auricle  is  responsible  for  their  occurrence.  The  facts  could  be  best 
explained  if  complete  heart-block  were  still  present  and  the  arthymia 
were  due  to  venlri'-ular  extrasvstoles. 


rAlll()I()(;i(A[,     KXA.M  IXATIOX 


I'ermissioii  was  dhtaiiicd   for  only  a  parlial   aiilnp>y 
repoited  by  Dr.  \\'illi;iiii  .1.  Elser,  were  as  follows: 


'I'lu-   (iudiiigs, 


"The  pericardial  sac  contained  30  c.c.  of  clear  serous  fluid.  The  heart  is 
moderately  enlarged  and  all  the  chanibei's  distended  by  jiaitially  clotted  blood. 
Tlie  enlargement  is  due  1o  ililaiatimi  mid  li\  |ici-t  i  ii|iliy  nf  the  left  \ciit  liclc  'Die 
other  chambers  arc  modeiatcly  dilalcd.  'I  he  iiiymardJuin  is  jjalc  icd  in  color. 
opaque  in  appearance  and  of  about  noimal  consistence.  There  arc  no  distinct 
focal  lesions.  The  mitral  valve  is  noiiiial  in  appearance;  the  miliai  orifice  does 
not  seem  to  be  enlarged.  The  aortic  valve  shows  the  tyj)ical  lesions  of  malig- 
nant   endocarditis.      All    the    cusps    are    covered    with    a    large    yellowish-white 
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vegetation  composed  chiefly  of  librin.  Tlie  substance  of  tlie  lieart  lias  been  eroded. 
The  corony  arteries  are  normal.  The  arch  of  the  aorta  is  normal.  The  pulmonary 
and  tricuspid  valves  are  normal.  The  lungs  appear  to  be  edematous.  A  blood 
culture  made  at  autopsy  from  the  left  median  basilic  vein  Avas  negative. 

"A  portion  of  the  aortic  vegetation  was  removed  and  thoroughly  -washed  in 
sterile  Avater.  It  was  then  crushed  and  agar  plates  made  from  it  showed  the 
growth  of  an  organism  which  proved  to  be  streptococcus  logus." 

The  heart  Avas  immediately  fixed  in  formaldehyd-Miiller's  solution,  Avashed 
and  placed  in  alcohol.  After  fixation  the  breadth  of  the  auriculoventricular 
groove  posteriorly  was  9.5  cm.  The  distance  from  the  auriculoventricular  groove 
to  the  apex  Avas  14  cm.  anteriorly  and  10  cm.  posteriorly.  The  thickness  of  the  Avail 
of  the  left  ventricle  A'aried  from  1.6  cm.  to  1.8  cm.;  that  of  the  right  ventricle 
from  .4  cm.  to  .6  cm.  The  papillary  muscles  of  both  sides  were  Avell  developed, 
that  of  the  left  ventricle  especially  so. 

The  aortic  valves  Avere  markedly  involved  in  the  process  described,  as  can 
be   seen    from   Figure   4,   a   photograph   of    the    block   excised   for    microscopical 


Fig.  4. — The  block  removed  for  section  of  the  auriculoventricular  .sys- 
tem vicAved  from  the  left  side.  M  =  cut  edge  aortic  cusp  of  mitral  valve. 
RP  ^  right  posterior  cusp  of  aortic  vah^e.  A  =  anterior  cusp  of  aortic  valve. 
LP  =  left  posterior  cusp  of  aortic  valve.  X  =  small  aneurysm  of  the  aa^tII  of 
the  aorta  just  aboA'e  the  level  of  the  aortic  vah'e.  S  —  S  =  plane  of  section.  The 
course  of  the  node  and  bundle  is  indicated  by  the  mark  below  the  right  posterior 
aortic  cusp. 


examination  of  the  auriculoventricular  bundle.  The  left  posterior  cusp  Avas 
least  involved;  the  anterior  cusp  AAas  most  invoh^ed.  Both  the  anterior  and  the 
right  posterior  cusps  Avere  markedly  thickened  and  the  sinuses  of  Valsalva  AA^ere 
almost  obliterated.  The  heart  tissue  behind  and  below  these  cusps  was  also 
involved  and  AA'as  markedly  calcified  as  AA'as  the  tissue  filling  in  the  sinuses  of 
Valsalva.  The  area  of  calcification  beloAv  the  anterior  cusp  extended  dowuAvard 
in  the  muscle  of  the  interventricular  septum  for  10  mm.,  bulging  beneath  the 
endocardium,  4  mm.  at  the  upper  part,  and  2  mm.  at  the  knver.  The  calcifica- 
tion did  not  appear  to  extend  beloAV  the  lower  limit  of  the  right  posterior  cusp. 
Microscopical  Examination. — Pieces  of  tissue  AA-ere  remoA-ed  for  microscopical 
examination  as  follows:  (1)  a  portion  of  the  Avall  of  the  right  auricle  so  as  to 
include  the  sino-auricular  node;    (2)    other  portions  of  the  Avail  of  the  auricles; 

(3)  the  portions  of  the  interauricular  and  interventricular  septa  Avhich  include 
the    auriculoventricular    system    from    the    node    to    Avell    beyond   the   branching 

(Fig.  4);    (4)    portions  of  the  outer   AA'alls  of  the   ventricles,  and    (5)    portions 
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of  the  base  of  tlie  pai>illaiY  imi?;c]e>;.  Tlie  blocks  containini;'  tlie  sinoaitricular 
node  and  the  auriculoventricvilar  system  were  imbedded  in  celloidin-parafhn  and 
cut  in  serial  sections.  The  other  tissues  were  cut  with  the  freezing  microtome. 
The  walls  of  the  smaller  arteries  and  arterioles  throughout  the  heart  did  not 
seem  abnormal.  The  capillaries  were  everywhere  distended  with  blood  and  in 
places  small  extravasations  had  occurred  into  the  tissues.  The  cardiac  muscle 
in  the  left  auricle  and  especially  in  the  left  ventricle  and  in  the  interventricular 
septum  showed  a  diffuse  increase  in  the  cells  of  the  interstitial  tissue,  these  being 
for  the  most  part  round  cells  though  there  were  many  endothelial  and  poly- 
mor])honuclear  leukocytes.  In  the  left  ventricle,  and  especially  in  the  septum, 
were  j^atches  of  old  myocarditis  where  the  muscle  fibers  were  entirely  destroyed. 
These  areas  contained  many  fibroblasts  and  an  increased  amount  of  connective 
tissue  fibrils,  but  no  leukocytes.  These  areas  were  especially  numerous  and 
extensive  at  the  basal  part  of  the  interventricular  septum.  The  muscle  of  the 
rjoht    auricl?   and   ventricle  was  more   normal,   showing  Init    a    small   number   of 


Fig.  .5. — rrojeetion  drawing  of  a  section  .showing  at  X  llie  liiobablc  extent 
of  destruction  of  bundle  tissue.  Fibrous  tissue  is  black.  Muscle  tissue  white. 
Necrotic  material  shaded.  AS  =  auricular  septum.  M  =  mitral  valve.  RP  = 
necrotic  focus  below  right  posterior  aortic  cusp.  SM  =  septum  membranaceum. 
T  =  tricuspid  valve.  A  =  necrotic  focus  below  anterior  aortic  cusp.  VS  ^ 
venlririilai-  s;']ituni. 

lound  c<']|~  ill  thi-  interstitial  tissue  and  only  an  occasional  leukocyte.  The 
papillary  niiisclcs  shdwcd  a  few  idiind  cells  in  the  interstitial  tissue,  and  the 
muscle  liliiTs  Ijcncatli  the  cnd'Hanliiini  were  markedly  vacuolated  so  that  the 
sarcoplasm  was  at  tinu's  almost  entirely  gone  from  the  central  part  of  the  fiber, 
leaving  the  nucleus  supported  by  strands  extending  in  fidni  the  ])eriphery.  The 
nuclei  seemed  unchanged.  The  sino-auricular  node  seemed  to  be  nnrmal.  though 
possibly  the  fibrous  tissue  was  very  slightly  increased  in  amount.  The  fibers 
were  well  striated  and  there  were  no  leukocytes  fovmd  here. 

Very  marked  and  extensive  changes  were  found  in  the  auriculoventricular 
system.  At  3  mm.  beyond  its  origin  from  the  node,  the  auriculoventricular 
bundle  became  involved  in  the  extensive  focus  which  has  been  described  involv- 
ing the  right  posterior  aortic  cusp.  This  focus  extended  into  the  central  fibrous 
body  of  the  heart  between  the  attachment  of  the  anterior  cusji  of  the  mitial 
valve  below  and  posteriorly  and  the  septum  membianaceuni  above  and  anterioily, 
but   lying  nearer  to  the  foimer  than   to  the   lattei-.      It   extended    in    i  lie   fibrous 
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body  from  the  upper  level  of  the  right  posterior  aortic  cusp,  downward  to  the 
upper  level  of  the  interventricular  septum,  lying  just  beneath  (to  the  right  of) 
the  endocardium  of  the  aortic  vestibule.  The  tissue  involved  was  necrotic  and 
in  part  calcified.  For  3.3  mm.  of  its  course  the  bimdle  passed  along  the  right 
aspect  of  this  focus  —  the  side  away  from  the  endocardium  —  and  became  involved 
in  it  so  that  about  one-half  of  its  thickness  was  destroyed.  The  conditions  may 
be  better  understood  by  a  reference  to  Figure  5,  in  which  the  probable  extent 
of  the  destroyed  tissue  is  indicated,  and  to  Figure  4,  in  which  the  course  of 
the  bundle  is  marked  as  if  seen  through  the  heart  tissue.  The  non-calcified  areas 
of  this  focus  were  thickly  infiltrated  with  round  cells  and  polymorphonuclear 
leukocytes  and  this  cellular  infiltration  extended  into  the  adjacent  tissues;  into 
the  fibrous  tissue  of  the  central  fibrous  body,  into  the  muscle  of  the  auricular 
septum  above,  into  the  muscle  of  the  ventricular  septum  below  and  into  the 
auriculoventricular  bundle  where  this  crosses  through  tlie  tilnous  body  from  right 
to  left. 

Thus,  besides  the  actual  destruction  of  the  tissue  of  the  bundle,  which  must 
from  the  nature  of  the  changes  have  been  of  considerable  duration,  there  were 
indications  of  a  more  acute  process  throughout  the  bundle  and  the  node.  This 
was  probably  caused  by  the  streptococcus  which  was  affecting  the  neighboring 
valve.  There  was  a  diffuse  and  marked  infiltration  by  polymorphonuclear  and 
endothelial  leukocytes  with  a  large  number  of  fibroblasts.  This  infiltration  w^as 
most  marked  opposite  to  the  eroded  portion  of  the  bundle  and  here  the  poly- 
morphonuclear cells  were  in  excess.  Elsewhere  mononuclear  cells  predominated. 
In  the  neighborhood  of  areas  of  dense  connective  tissue  the  fibroblasts  seemed  to 
be  especially  numerous  so  that  the  infiltration  was  very  marked  along  the  left 
aspect  of  tiie  auriculoventricular  node  where  it  lay  against  the  central  fibrous 
body  and  in  the  latter  course  of  the  bundle  and  in  the  right  branch,  where  the 
fibrous  tissue  septa  were  more  numerous.  The  infiltration  by  leukocytes  and 
round  cells  extended  into  the  main  branches  of  the  bundle,  and  was  well  marked 
as  far  as  these  were  followed.  The  node  and  the  portion  of  the  bundle  beyond 
the  erosion  seemed  to  be  edematous.  The  communication  between  the  auricle 
and  the  node  was  uninterrupted  though  involved  in  the  inflammatory  process. 

DISCUSSIOX 

We  may  consider,  then,  that  when  the  patient  first  came  nnder  ohser- 
vation,  his  auricuhjventricnhir  conducting  system  was  functionating  nor- 
mally, or  at  least  that  impulses  Avere  being  transmitted  regularly  from 
auricle  to  ventricle. - 

In  accordance  with  this,  his  pulse  was  regular  and  became  slower 
under  the  influence  of  rest  in  bed  quite  as  was  to  be  expected.  He  then 
developed  complete  auriculoventricular  dissociation,  which  persisted  after 
the  vagus  was  paralyzed  by  atropin,  and  continued  for  thirteen  hours 
until  his  death.  Post  mortem  examination  showed  that  the  auriculo- 
ventricular bundle  was  involved  in  a  chronic  destructive  process,  and 
besides  this,  both  node  and  bundle  showed  an  extensive  diffuse  acute 
inflammation. 


2.  Though  it  cannot  be  denied  that  the  patient  may  nave  shown  lesser 
degrees  of  heart-block,  i.  e.,  dropped  beats,  or  increased  conduction  time,  before 
the  period  of  observation  began,  this  is  not  considered  to  be  probable.  Tii  sup- 
port of  this  assumption  is  the  fact  that  he  Avas  free  from  arhythinia  for  fifty- 
two  hours  before  complete  dissociation  set  in  —  the  time  when  a  latent  tendency 
to  block  would  have  been  most  likely  to  become  evident. 
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ThQ  point  to  be  em])hasized  here  is  that  tliougli  the  diffuse  acute 
inflammation  resulted  in  complete  aiiriculoventricular  dissociation,  yet 
the  bnndle  had  been  extensively  involved  in  a  chronic  process  —  only 
one-half  of  its  transverse  section  remaining  throughout  about  2  mm.  of 
its  course.  I'hough  it  had  been  in  this  condition  for  weeks,  or  more 
probably  for  months,  yet  the  patient  had  never  had  symptoms  wliic]i 
would  lead  us  to  believe  that  it  had  ceased  to  function,  and  moreovei-  lie 
showed  no  signs  of  lieart-block  for  fifty-two  hours  before  complete  dis- 
sociation supervened. 

Following  the  very  interesting  results  which  Erlanger  obtained  bv 
com])ression  of  the  auriculoventricular  bundle,  in  which  the  degree  of 
functional  disability  seemed  to  be  parallel  with  the  degree  of  trauma, 
attempts  were  made  to  correlate  with  these  results  the  post  mortem 
findings  from  clinical  material.  These  attempts  have  been  successful  in 
one  particular.  Xo  cases  of  complete  destruction  of  a  transverse  section 
of  the  bundle  have  been  reported  in  which  there  was  not  complete 
auriculoventricular  dissociation.  Ten  such  cases  have  been  found  in  the 
literature :  Bonniger  and  Monckeburg^  report  two  cases,  Heinecke,  Miiller 
and  Hcisslein,*  Monrad  Krohn,^  Nagayo,"^  Vaquez  and  Esmein,'  Falu-^ 
and  Cohn  and  Lewis"  each  report  one  in  which  the  condition  of  the 
])undle  was  shown  by  serial  sections.  Jellineck,  Cooper  and  Ophiils,^'-  and 
Oddo  and  Sauvan'^  have  reported  cases  in  which  an  extensive  infarct 
and  a  hemorrhage,  respectively,  involved  the  septum  in  the  Inmdle  region 
and  must  surely  have  included  it.  The  cases  of  Armstrong  and  Moncke- 
berg^-  and  of  Cohn  and  Lewis^^  should  be  included  in  this  group  for  a 
lymphangio-endothelioma  in  the  one  case,  and  an  aneurysm  in  the  other, 
was  found  in  the  auricular  septum,  completely  separating  the  node  from 
the  auricular  musculature  and  inducing  complete  auriculoventricular 
dissociation." 


'A.  JJi'Jnninger  and  Munckebin-o :     Deutscli.   iiicd.   ^\■(•lllls(•lll■..  lilOS.  Xo.   ii.  208. 

4.  Uoinoke.  Vliillcr  and   T[<".ss]eiii :     J)cutscli.   Arch.   f.  klin.  :\rpd..    li)OS.  xciii, 
AM. 

5.  Krolin.  IMonrad:     Arch,  de  mal  du   coeur,   1911,  iv,  350. 
G.  Nagayo:    Ztsclir.  f.  klin.  Mod..  1001),  Ixvii.  405. 

7.  Vaquez    and    Esnicin:      I'.iill.    ct    nit'in.    Sue.    mod.    d.    \u>\).    ^W    I'aiis.    1007. 
Series  3.  .xxiv.  78. 

8.  1-ahr:     Vircliow's  Arcli.  f.  jiatli.  Anat..  1007.  clxxxviii.  5(52. 
0.  Cohn  and  Lewis:    Heart.  1012.  iv.  15. 

10.  Jellineck,  Cooper  and   Ophnls:     Brit.   .Med.  .Tour..    1008,  i.   70G. 

11.  Oddo  and  Sauvan:     Marseilles  nied..  1007.  xliv,  443. 

12.  Armstrong  and  Monckeberg:     Deutsch.  Arch.   f.  klin.  Med..    1011.  cii.   144. 

13.  (  (ihn  and  Lewis:     Heart,  1012,  iv.  15. 

It.  'Ihc  case  of  Cohn  and  Lewis  is  mentioned  twice  here  since  it  showed  lioth 
complete  interruption  of  continuity  of  the  linti<ll<'  and  coin))lctc  sci)aration  of 
the  node  from  the  auricular  muscle. 
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Opposed  to  these  findings,  six  cases  have  been  reported  in  which  serial 
sections  have  shown  that  there  was  no  lesion  of  the  conducting  system 
though  various  degrees  of  block  were  present  before  death.  In  the  cases 
of  Fahr/  Krumbhaar/^  of  Price  and  Mackenzie^*'  and  of  Hoist  and 
Krohn/^  the  block  was  complete.  In  that  of  Mollard,  Dumas  and 
Rebattu^^  it  was  partial,  while  in  that  of  Monrad  Krohn^  the  degree 
was  not  definitely  stated,  but  was  probably  complete. 

Intermediate  degrees  of  bundle  involvement  have  been  found  in  cases 
showing  both  partial  and  complete  heart-block.  Some  of  them  have 
shown  very  considerable  lesions  of  the  bundle  with  marked  destruction  of 
its  tissue  due  to  chronic  inflammatory  processes,  and  these  cases  have 
shown  the  higher  grades  of  block,  usually  complete.  Where  still  less 
marked  pathological  changes  were  found,  almost  minimal  at  times,  com- 
plete heart-block  has  been  present  in  six  cases  and  partial  block  in  four. 
These  are  tabulated  with  their  histological  changes  in  detail  for  more 
ready  comparison. 

Cases    Showing    Complete   Heaet-Block 

Cohn,  Holmes  and  Lewis:  Node  is  normal  except  for  a  few  strands  of  dense 
hyaline  connective  tissue  and  a  moderate  amount  of  fatty  infiltration.  The 
bundle  is  invaded  by  dense  strands  of  connective  tissue  from  the  septum  mem- 
branaceum.  There  is  moderate  fatty  infiltration  of  the  bundle.  Large  blood 
sinuses  seriously  reduce  the  diameter  of  the  bundle  but  there  are  no  signs  of 
an  inflammatory  origin  of  these.  The  connective  tissue  within  the  bundle  is 
increased.     Heart,  1911,  ii,  241. 

Herxheimer  and  Kohl:  The  node  shows  a  slight  increase  in  connective  tis- 
sue and  a  few  round  cells  between  the  fibers.  The  bundle  shows  no  change,  but 
the  fibrous  tissue  of  the  septum  membranaceum  is  in  part  calcified.  Deutsch. 
Arch.  f.  klin.  Med.,  1910,  xcviii,  330. 

Fibram,  Koch  and  Kahn:  The  artery  to  the  septum  shows  hyaline  degener- 
ation of  its  wall  and  in  the  neighborhood  of  this  the  node  is  somewhat  sclerotic. 
There  is  an  evident  increase  in  fatty  tissue  in  the  node  and  bundle  and  there  is 
an  area  of  lymphocytic  infiltration  in  the  bundle.  The  muscle  fibers  of  the  node 
and  bundle  appear  normal.     Berl.  klin.  Wchnschr.,  1910,  xlvii,  1108. 

Flemming  and  Kennedy:  Node  and  first  part  of  bundle  involved  in  a  well- 
marked  infiammation.  Show  markedly  congested  capillaries  and  a  few  foci  of 
round  cells  mostly  lymphocytes,  but  a  few  large  mononuclear  cells  of  fixed 
tissue  origin.  One  large  focus  in  beginning  of  bundle,  mostly  lymphocytes,  but 
a  few  large  mononuclear  cells  and  some  polymorphonuclear  leukocytes,  appears 
to  damage  the  fibers  passing  through  it.  There  are  a  number  of  similar  foci  in 
auricle  bordering  on  node.  These  lesions  do  not  involve  a  great  extent  of  bundle 
tissue.     Heart,  1910,  ii,  77. 

Beck  and  Stokes:  Bundle  beset  by  numerous  hemorrhages  and  its  branches 
show  moderate  purulent  infiltration.  The  bundle  fibers  are  separated  and  sur- 
rounded by  connective  tissue  containing  many  fibroblasts,  lymphocytes  and  a 
few  polymorphonuclear  leukocytes.     Jour.  Am.  Med.  Assn.,  1910,  Iv,  1065. 

Hay  and  Moore:  Artery  to  node  and  bundle  is  atheromatous.  There  are 
patches  of  a  recent  inflammatory  process  where  the  bundle  perforates  the  central 


15.  Krumbhaar:    The  Archives  Int.  Med.,  1910,  v,  583. 

16.  Price  and  Mackenzie:    Heart,   1912,  iii,  233. 

17.  Hoist  and  Krohn:    Quart.  Jour.  Med.,  1911,  iv,  498. 

18.  Mollard,  Dumas  and  Rebattu:    Arch.  d.  raal,  du  coer.,  1911,  iv,  298. 
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fibrous  body  —  cells  resolving  into  fibroblasts.  This  process  is  patchy  in  dis- 
tribution and  does  not  extend  throughout  the  whole  bundle.  Lancet,  London, 
1906,  ii,  1271. 

Cases   Showing   Partial   Heart-Block 

Gerhardt:  The  part  of  the  bundle  which  crosses  through  fibrous  body  shows 
normal  muscle  fibers,  but  an  extensive  cellular  infiltration  most  marked  in  the 
immediate  neighborhood  of  the  blood  vessels.  The  larger  vessels  which  enter 
the  bundle  show  a  marked  thickening  of  the  interior  so  that  the  lumen  of  the 
larger  vessels  is  markedly  narrowed.  Deutsch.  Arch.  f.  klin.  Med.,  1908,  xciii, 
485. 

Grifiith  and  Cohn:  Endarteritis  of  vessels  of  node  and  septum  diminishing 
their  caliber  so  that  some  are  entirely  occluded.  Scattered  groups  of  lymphocytes 
in  interventricular  septum  about  node  and  to  less  extent  within  it.  Connective 
tissue  strands  separating  muscle  bundles  of  main  stem.  In  portions  of  bundle 
"granulation  tissue  with  numerous  lymphocytes."  Diameter  of  bundle  reduced 
and  fibers  compressed.     Quart.  Jour.  Med.,  1910,  iii,  126. 

Cowan,  Kennedy,  Paterson  and  Teacher:  Well-marked  congestion  of  node  and 
bundle.  Three  foci  of  round  cells  within  bundle,  all  fairly  small,  cells  mostly 
lymphocytes,  but  a  few  larger  new  connective  tissue  cells.  Fibers  of  bundle  show 
degeneration  in  neighborhood  of  two  larger  foci,  but  are  otherwise  normal.  Quart. 
Jour.  Med.,  1911,  iv,  35. 

Butterfield:  The  node  is  deeply  involved  in  the  morbid  process  (general 
acute  inflammation  of  heart  substance),  particularly  in  neighborhood  of  fibrous 
body  where  the  normal  appearances  were  completely  obscured  by  a  dense  cellular 
infiltration  of  lymphocytes,  leukocytes  and  large  mononuclear  cells.  Throughout 
the  remainder  of  the  node  and  bundle  every  vessel  was  surrounded  by  an  infil- 
tration composed  almost  entirely  of  lymphocytes.     Heart,  1912,  iii,  233. 

It  is  always  necessary,  in  comparing  the  histological  reports  of  differ- 
ent observers,  to  bear  in  mind  the  varying  importance  which  may  be 
ascribed  to  certain  findings;  in  this  instance  as  to  whether  the  amount 
of  fibrous  tissue  or  of  fatty  tissue  exceeds  the  normal  and  whether  dis- 
tended capillaries  signify  anything  more  than  ante  mortem  or  post 
mortem  stasis.  The  node  and  bundle  lie  in  proximity  to  the  fibrous 
ring,  which  besides  forming  a  sheath  about  the  bundle  and  its  branches, 
sends  dense  septa  into  them;  while  the  node  has  a  loose  reticular  struc- 
ture the  spaces  of  which  are  occupied  by  connective  tissue  fibrils.  Both 
node  and  bundle  normally  contain  a  certain  number  of  fat  cells,  and  these 
are  known  to  vary  in  amount  with  age,^^  and  presumably  vary  also  with 
individuals.  Eef erring  then  to  Note  19,  it  is  seen  that  the  pathological 
changes  of  those  cases  showing  complete  dissociation  are  not  more  marked 
than  of  those  showing  but  partial  dissociation.  In  fact,  all  of  the  cases 
in  the  second  group  of  partial  block  show  more  marked  changes  than  the 
first  three  in  the  first  group  of  complete  block. 

The  present  case,  considered  before  the  onset  of  the  acute  inflam- 
mation, is  the  only  one  so  far  reported  in  which  there  was  extensive 
destruction   of  bundle   tissue  without   evidences   of   heart-block.      The 


19.  Monckeberg:      Untersucliungen   fiber   das   atrio  ventricular   Biindel,   Jena, 
1908. 
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explanation  of  this  is  thought  to  lie  only  in  the  fact  that  the  anriculo- 
ventricular  system  is  not  usually  examined  unless  there  are  evident  signs 
of  heart-block. 

CONCLUSIONS 

From  a  consideration  of  the  above  facts  it  is  believed  that  complete 
or  very  extensive  destruction  of  the  tissues  of  the  conducting  system  will 
result  in  complete  heart-block.  Lesser  degrees  of  destruction  or  varying 
degrees  of  involvement  of  the  tissues  in  other  pathological  processes,  such 
as  fibrosis,  lymphocytic,  leukocytic  or  fatty  infiltration,  may  produce  (1) 
complete  heart-block,  (2)  partial  block  with  2  to  1  or  3  to  1  rhythm  or 
dropped  beats,  or  (3)  as  in  the  present  case,  no  block  at  all.  It  appears 
that  the  cases  with  the  higher  degrees  of  block  do  not  necessarily  show 
marked  lesions,  and  vice  versa,  and  that,  moreover,  complete  dissociation 
may  occur  with  no  demonstrable  changes  in  the  conducting  system. 

Clinically,  then,  the  functional  capacity  does  not  vary  solely  with  the 
extent  or  severity  of  the  anatomical  changes  in  the  auriculoventricular 
node  and  bundle;  a  result,  indeed,  which  might  be  expected  from  a  con- 
sideration of  the  pathological  physiology  of  other  organs.  This  statement 
is  not  considered  as  at  all  contrary  to  Erlanger's  results,  for,  since  these 
were  obtained  in  healthy  animals,  the  trauma  was  the  only  factor  affect- 
ing the  junctional  tissues. 

As  to  what  the  clinical  factors  are  which  influence  this  functional 
capacity,  we  know  very  little.  We  know,  however,  from  animal  experi- 
mentation, that  certain  drugs,  as  well  as  asphyxia  and  increased  activity 
of  the  vagus  nerve,  possess  the  power  of  depressing  it.  By  analogy  it 
might  be  supposed  that  the  toxins  of  pathogenic  bacteria  or  of  faulty 
metabolism,  or  a  deficient  blood-supply  (local  asphyxia?),  due  to 
endarteritis  or  to  a  failing  circulation  would  also  affect  it.  The  case  of 
Price  and  Mackenzie,^®  in  which  complete  heart-block  developed  in  the 
course  of  diphtheria,  as  well  as  Krumbhaar's^^  case,  which  followed 
typhoid  fever,  are  believed  to  be  instances  of  the  toxic  type.  Though 
numerous  cases  have  been  reported  as  occurring  in  the  acute  infectious 
diseases  as  well  as  in  malaria  and  diabetes  mellitus,  still,  as  they  have  not 
been  accompanied  by  autopsy  reports  to  prove  the  bundle  to  be  intact, 
we  can  obtain  from  them  only  presumptive  evidence  of  the  action  of  the 
respective  toxic  substances.  ISTo  instance  has  been  found  in  which  end- 
arteritis could  be  ascribed  as  the  sole  cause  of  heart-block  on  account  of 
the  fibrosis  which  keeps  pace  with  this  process.  The  observation  of 
Eobinson,^*'  that  some  degree  of  heart-block  was  present  in  five  of  seven 
cases  in  which  records  were  taken  of  the  dying  heart,  is  considered  an 
instance  of  the  circulatory  type  as  well  as  the  fact,  often  noted  in  the 


20.  Robinson:    Jour.  Exper.  Med.,  1912,  xvi,  291. 
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wards,  that  patients  showing  partial  block  when  in  a  poor  state  of  com- 
pensation often  fail  to  show  this  when  their  condition  has  improved.  It 
is  questionable  if  vagus  activity  can  be  sufficiently  increased  clinically  to 
be  the  sole  cause  of  heart-block,  though  its  action  in  the  case  of  digitalis 
on  a  predisposed  heart  is  well  known.  No  conclusive  case  of  this  type 
has  so  far  been  reported. 

SUI^OIARY 

1.  A  patient  with  aortic  and  mitral  insufficiency  and  normal  heart 
action  developed  complete  heart-block  and  died. 

2.  Autopsy  showed  a  streptococcus  endocarditis  superposed  on  a 
chronic  process  of  the  aortic  valve  which  had  involved  the  substance  of 
the  heart. 

3.  The  auriculoventricular  bundle  had  been  destroyed  for  one-half 
of  its  transverse  section  by  the  chronic  process,  but  this,  so  far  as  known, 
had  never  produced  heart-block. 

4.  Complete  heart-block  was  produced  by  an  involvement  of  the 
auriculoventricular  system  throughout  its  whole  extent  in  an  acute 
inflammation. 

5.  The  extent  of  the  lesion  of  the  bundle  in  the  cases  which  have  been 
previously  reported  is  contrasted  with  the  degree  of  heart-block  which 
was  present  at  death. 

6.  It  is  concluded  that  the  extent  of  the  anatomical  changes  is  not 
the  only  factor  which  induces  heart-block, 

7.  Bacterial  and  metabolic  toxins  and  deficient  local  blood-supply  are 
suggested  as  accessory  factors  which,  in  certain  circumstances,  might 
act  alone. 

156  East  Sixty-first  Street. 


THE    CLASSIFICATION    OF    NEPHRITIS* 
HORST    OERTEL,    M.D. 

^■EW    YORK 

Classifications  of  the  so-called  hematogenous  inflammations  of  the 
kidney,  commonly  grouped  as  Bright's  disease,  have  been  made  from  five 
standpoints:  1.  Etiological;  2,  pathogenetic  or histogenetic ;  3,  functional 
or  physiological;  4,  clinical  (according  to  the  symptom  complex);  5, 
descriptive  (a)  according  to  the  topography  or  (b)  according  to  the 
predominating  anatomical  changes. 

Attempts  at  correlation  of  several  of  these  principles  have  also  been 
made,  particularly  the  clinical  and  anatomical  and  the  etiological  and 
pathogenetic  classifications  have  been  closely  identified.  But  the  difii- 
culties  and  complications  ■which  are  associated  with  these  imperfect  com- 
binations have  recently  led  to  a  desire  for  simple  and  uniform  methods 
of  classification. 

An  effort  will  be  made  in  the  following  lines  to  present  a  critical 
review  of  these  classifications,  the  evidence  which  has  been  advanced  in 
their  support  and  to  draw  attention  to  some  erroneous  anatomical  and 
histological  conceptions  which  have  acquired  importance  in  the  discussion 
of  renal  diseases.  Finally,  I  propose  to  discuss  just  how  far  a  classifica- 
tion of  these  kidney  lesions  seems  practically  possible. 

I. 

I,      THE   ETIOLOGICAL   CLASSIFICATION 

The  etiological  classification  of  nephritis  has  not  enjoyed  much  con- 
fidence and  support  on  the  part  of  the  pathologists.  It  has  never  been 
adopted  by  the  best  known  works  on  pathology  or  medicine.  In  1905, 
however,  F.  Miiller,'-  in  his  admirable  review  of  Bright's  disease  before 
the  German  Pathological  Society,  revived  interest  it.  Miiller  proposed 
substitution  of  an  etiological  classification  for  the  present  anatomical  one 
for  the  reason  that  anatomical  lesions  are  not  within  the  possibility  of 
actual  observation  by  the  physician.  The  etiological  classification,  how- 
ever, may  be  based  almost  directly  on  the  experience  and  observation  at 
the  bedside,  and  appears  therefore  better  adapted  for  the  needs  of  the 
clinician. 


*  F^om  the  Russell  Sage  Institute  of  Pathology,  New  York. 

*  Submitted  for  publication  April  4,  1913. 
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But  Miiller  was  conscious  of  the  difficulty  of  this  undertaking,  for 
he  added  guardedly  that  such  a  classification  could  plainly  be  of  use  only, 
if  the  different  intoxications  and  infections  always  produced  characteristic 
changes  in  the  kidney.  In  outlining  this  classification,  Miiller  stated  that 
it  was  based  to  a  great  extent  on  personal  observations,  and  he  was  con- 
scious that  the  chronic  types  of  nephritis  could  not,  on  account  of  their 
eomplexit}^  be  included  in  this  scheme. 

As  was  natural,  therefore,  Miiller's  recommendations  were  received 
with  much  reserve  by  both  pathologists  and  clinicians.  Indeed,  collective 
experience  points  to  the  untenability  of  this  principle,  even  for  the  so- 
called  acute  inflammations  of  the  kidney. 

It  is  true  that  in  cholera  and  mercuric  bichlorid  poisoning  the  kidney 
changes  are  regarded  by  some  as  absolutely  characteristic;  but  even  if 
this  should  be  true  (and  it  has  not  been  established  beyond  all  doubt), 
these  are  the  only  two  for  which  such  a  claim  may  reasonably  be  made. 
We  know  that  the  majority  of  all  infections  and  intoxications  does  not 
show  specific  characteristics. 

In  a  previous  communication-  I  enumerated  several  j'ears  ago  those 
infections,  which,  in  my  experience,  may  lead  to  anatomically  similar 
lesions;  these  are  the  general  and  local  streptococcus  diseases:  angina 
pharyngis,  tonsillitis,  otitis  media  and  others;  further,  recent  syphilis; 
the  exanthemata  and,  contrary  to  general  belief,  pneumonia.  Quite 
recently,  Fahr''  stimulated  b}'"  Miiller's  remarks,  after  a  more  detailed 
investigation,  arrived  at  very  similar  conclusions.  It  is  interesting  that 
he,  as  well  as  Kretzschmar,*  apparently  ignorant  of  my  statements,  also 
report  the  frequent  occurrence  of  severe  nephritis  in  pneumonia.  Indeed, 
the  high  frequency  observed  by  Kretzschmar  has  been  doubted  by  others. 
But  this  difference  of  opinion  may  be  explained  by  the  fact  that  one  and 
the  same  infectious  disease,  particularly  if  epidemic  in  its  appearance, 
may  at  different  times  produce  very  variable  results.  In  the  New  York 
epidemic  of  pneumonia,  which  occurred  about  five  years  ago  with  a  high 
death  rate,  the  disease  manifested  throughout  a  general  septic  character. 
It  was  associated  with  purulent  pericarditis  in  an  extraordinary  degree 
(almost  the  rule  at  autopsy),  and  generally  complicated  by  severe 
nephritis.  In  sporadic  cases  these  are  observed  much  more  infrequently. 
The  difference  of  opinion  regarding  the  character  of  nephritis  in  pneu- 
monia is  undoubtedly  due  to  the  variety  of  lesions  the  disease  produces 
under  different  conditions.    Aschcff  states  that  the  pneumococcus  causes 


2.  Oertel,  H. :  The  Anatomic  Histological  Processes  of  Bright's  Disease. 
Saunders  Co.,  Phila.  and  London,  1910,  p.  67. 

3.  Fahr:  Konnen  wir  die  Nierenkrankheiten  nach  aetiologischen  Gesicht- 
spunkten  eintheilen.  Virchow's  Arch.  f.  path.  Anat.,  1912,  ccx.  No.  2  (Litera- 
ture) . 

4.  Kretzschmar:    Cited  by  Fahr,  Note  3. 
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a  tubular  nephritis.  Miiller  also  states  that  the  epithelium  only  is 
involved  and  the  glomeruli  left  free,  while  others  report  with  equa'i 
positiveness  the  occurrence  of  interstitial  and  even  hemorrhagic  nephritis. 
I  have  been  able  to  observe,  by  fortune  of  a  large  pneumonia  material, 
the  possibility  of  all  these  lesions.  This  example  illustrates  in  regard  to 
the  pneumococcus  and  the  kidney  what  has  been  known  in  regard  to 
other  organisms  and  organs,  namely,  that  different  etiological  factors 
may  produce  anatomically  similar  lesions,  but  that  the  same  etiological 
factor  causes  at  different  times  very  different  lesions. 

These  experiences  fully  agree  with  the  well-known  observations  of 
Asch^  and  others,  that  the  structural  and  consequently  functional  changes 
in  the  kidney  during  an  infection  vary  with  the  presence  and  location 
of  bacteria  and  soluble  or  non-soluble  toxins,  which  in  one  case  may 
produce  necrosis  of  the  epithelium,  in  another  exudation  or  interstitial 
leukocytic  infiltration,  or  finally,  a  hyaline  and  amyloid  degeneration  of 
the  vessel  walls.  To  these  must  be  added  further  the  virulence  of  bac- 
terial strains,  the  reactive  ability  and  peculiarity  of  the  individual  and 
the  mechanical  conditions  imposed  by  the  structural  arrangement  of  the 
kidney,  which  are  very  apt  to  influence  the  distribution  of  bacteria  and 
toxins. 

Finally,  we  must  consider  the  importance  of  mixed  infections.  It  is 
hardly  necessary  to  discuss  this  well-knovra  point  in  this  connection. 
Everyone  is  acquainted  with  the  influence  which  mixed  infections  exert 
on  the  manifestations  of  even  etiologically  well  established  diseases. 

The  true  "pathogenetic  significance  of  the  tubercle  bacillus  is  as  much 
under  discussion  in  regard  to  the  kidney  as  elsewhere.  Senator  held  that 
the  nephritis  in  tuberculosis  was  a  chronic  parenchymatous  nephritis. 
Fr.  Miiller  finds  it  sufficiently  characteristic  to  separate  it  from  other 
forms,  and  treats  it  as  specific  nephritis,  while  recently  Fischer  and  Fahr^ 
doubt  entirely  the  existence  of  a  tuberculous  nephritis  without  mixed 
infection.  Even  if  this  latter  view  is  deemed  too  radical  it  remains 
certain  that  in  at  least  many  instances  it  is  impossible  to  separate  the 
effects  of  the  tubercle  bacillus  from  those  of  the  almost  always  accom- 
panying streptococcus  infection.  Thus  it  would  appear  that  the  eti- 
ological classification  is  open  to  objection,  even  in  diseases  whose  etiology 
has  been  established.  Wherever  the  etiological  classification  has  succeeded 
in  entirely  displacing  anatomical  conceptions  it  has  led  to  much  con- 
fusion. As  example,  our  ideas  of  what  is  meant  by  diphtheritic  or 
tuberculous  inflammations  are  extremely  indefinite,  and  really  more  con- 
fused than  formerly,  when  simple  descriptive  terms  were  in  more  general 


5.  Asch:     Ueber  den  Einfluss  der  bakteriallen   Stoffwechselprodukte  aiif  die 
Niere.     Strassburg,  1904.    L.  Beust. 
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use.  Etiological  terms  are  insufficient  unless  qualified  by  others  f  clearly 
then,  the  etiology  alone  can  in  no  instance  serve  as  a  basis  for 
classification. 

II.      THE    PATHOGEXETIC   AXD   HISTOGENETIC    CLASSIFICATION" 

The  question  whether  inflammations  of  the  kidney  may  be  classified 
according  to  their  genesis  is  both  old  and  new.  Two  subdivisions  of  this 
question  arise :  first,  is  it  possible  to  determine  with  sufficient  accuracy 
the  genesis  of  every  nephritis,  and  secondly,  does  an  established  nephritis 
retain  the  features  of  its  development  sufficiently  to  give  it  a  distinct 
anatomical  and  functional  character.  This  last  point  is  of  great  conse- 
quence to  the  physician,  because  he  deals  almost  always  with  established 
inflammations.  For  instance,  one  would  be  justified  to  speak  of  paren- 
chymatous nephritis  if  a  nephritis  which  commenced  with  involvement 
of  the  parenchyma  would  retain  the  parenchymatous  alterations  to  the 
exclusion  or  at  least  indisputable  subordination  of  all  other  accompany- 
ing processes. 

Virchow,"  as  is  well  known,  combined  a  definite  pathogenetic  mean- 
ing with  his  ideas  of  parenchymatous  nephritis.  A  parenchymatous 
inflammation  represented  to  him  a  degenerative  nutritive  disturbance  of 
cells  excited  by  an  excess  of  nutrient  material.  In  his  opinion,  this  con- 
trolled the  whole  inflammatory  process;  parench}Tnatous  degeneration 
was  the  expression  of  inflammation.  Virchow,  therefore,  had  a  perfect 
right  to  speak  of  parenchymatous  inflammation,  because  he  believed  that 
the  origin  and  course  of  the  disease  rested  solely  in  the  parenchymatous 
changes.  On  the  other  hand,  his  contemporary  opponents  in  this  matter 
championed,  much  like  the  older  pathologists  (Vogel's  definition:  inflam- 
mation =  capillary  hyperemia  -j-  hydrops  fibrinosus),  the  interstitial 
vascular  genesis  and  character  of  the  inflammatory  process.  But  they, 
like  Traube  for  instance,  employed  their  idea  of  inflammation  in  a 
manner  similar  to  Virchow.  For,  while  Traube  differentiated  between  a 
circumcapsular  and  intertubular  nephritis,  he  neglected  and  even  denied 
any  parenchymatous  involvement.  As  early  as  1860,  Traube^  declared 
with  considerable  pride  that  he  had  been  the  first  to  deny  the  existence 
of  parenchymatous  nephritis.  In  other  words,  the  adherents  of  the 
genetic  classification  were  divided,  one  might  say,  from  the  very  start, 
and  it  may  be  added,  from  their  standpoints  justly  so,  because  their 
ideas  of  the  fundamental  character  of  inflammation  differed.     These 


6.  See  my  discussion  on   cynanche  contagiosa  in  the  New  York  City  Hospital 
Medical  and  Surgical  Report  I,  1909,  p.  213  and  ff. 

7.  Virchow:     Ueber  parenchymatose  Entziindung.     Virchow's  Arch.  f.  path. 
Anat.,  1852,  iv,  261. 

8.  Traube:     Ueber  den  Zusammerhang  von  Herz  und  Nierenkrankheiten,  etc., 
in  Gesammelte  Beitrage,  ii,  970. 
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differences  have  become  only  more  accentuated  since.  Indeed,  Virchow 
was  consequent  enough  and  never  regarded  any  interstitial  process  in 
nephritis  as  an  inflammatory  phenomenon,  but  as  a  process  of  repair.  It 
will,  therefore,  be  seen  that  the  ideas  of  Asehoff  in  this  regard  are  very 
similar  to  what  Virchow  held  in  1852. 

These  views  have  never  been  reconciled  by  later  investigators,  although 
many  attempts  have  been  made  from  Eosenstein's^  time  to  the  present. 
Both  ideas,  Virchow's  and  Traube's,  contained  much  truth,  but  not  all 
the  truth,  and,  as  is  not  infrequent  under  such  conditions,  both  were 
accepted  and  continued  on  authority  of  tradition  unfortunately  as  types 
of  inflammation  instead  of  evidences  of  the  inflammatory  process.  Thus 
originated  and  continued  the  contrast  of  parenchymatous  and  interstitial 
inflammations.  Indeed,  the  most  recent  ideas  of  inflammation  are  as 
diametrically  opposed  as  they  ever  were;  while  some  still  continue  to 
speak  of  parenchymatous  inflammation,  although  in  a  somewhat  different 
sense  from  Virchow's,  others  have  adopted  a  teleological  conception ;  they 
regard,  again,  much  like  the  older  writers,  only  the  reactive  exudative 
changes  as  inflammatory  and  exclude  all  degenerative  and  proliferative 
changes  entirely.  This  is  opposed  by  a  third  group  of  pathologists,  who 
hold  that  only  the  combination  of,  and  intimate  correlation  of  alterative, 
exudative  and  proliferative  changes  constitute  inflammation.  This  group 
eliminates  the  conception  of  parenchymatous  inflammation  entirely  and 
separates  all  nutritive  and  alterative  changes  from  the  inflammatory  con- 
ception unless  combined  with  exudative  and  proliferative  changes.  A 
last  group  of  pathologists  regards  the  inflammatory  conception  in  a  still 
broader  and  less  restricted  sense,  purely  objectively  as  the  sum  total  of 
genetically  closely  related  and  allied  processes  which  are  the  results  of 
certain  irritants  and  which  present  passive  and  reactive  features  in 
varying  combinations.  This  is  not  the  place  to  enter  into  the  details  or 
the  merits  of  these  opinions.  They  are  mentioned  here  to  demonstrate 
that  not  only  in  regard  to  the  genesis  of  nephritis,  but  to  the  very  nature 
of  inflammation  there  exist  wide  differences  of  opinion  which  defeat  any 
attempt  at  a  genetic  classification.  On  one  point,  however,  pathologists 
agree  to-day — that  any  established  nephritis  (possibly  with  the  exception 
of  the  so-called  interstitial  nephritis)  is  a  diffuse  affection  of  all  kidney 
structures,  but  in  an  uneven  degree.  Thus  whatever  views  were  held  of 
the  genesis  of  nephritis,  the  terms  parenchymatous  and  interstitial 
acquired  gradually  a  purely  descriptive  or  topographical  significance. 
This  is  best  illustrated  by  Orth's^^  position.    He  states : 

.  .  .  I  hold  it  justifiable  to  speak  of  various  forms  of  kidney  inflammation, 
because  the  different  constituents  of  the  kidney  are  concerned  in  a  most  unequal 


9.  Rosenstein:     Die  Pathologie  und  Therapie  der  Nierenkrankheiten.     1863 
and   1894. 

10.  Orth:     Lehrbuch  der  speciellen  pathologischen  Anatomie.     1893,  ii,  47. 
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manner.  Following,  therefore,  the  principle  "a  potiori  fit  denominatio,"  I  go 
so  far  as  to  acknowledge  a  parenchymatous,  interstitial  and  glomerulonephritis. 
But  it  must  be  remembered  that  no  sharp  line  of  demarcation  between  them  is 
possible,  and  that  their  combinations  are  frequent  findings. 

Fr.  Miiller,  finally,  makes  the  remarkable  but  true  statement,  that 
these  terms  are  used  at  present  not  so  much  to  designate  an  anatomical 
condition,  but  rather  a  clinical  picture. 

This  confusion  of  uncertain  teleological  conceptions,  anatomical  terms 
and  clinical  pictures,  has  necessarily  led  to  hopeless  disagreement,  and 
Heubner  declares  that  the  majority  of  cases  of  chronic  nephritis  in  prac- 
tice do  not  fit  in  the  ordinary  scheme  and  are  atypical. 

It  has  already  been  mentioned  that  Miiller  endeavored  to  introduce 
the  etiological  principle  with  the  purpose  of  preventing  further  con- 
fusion, which  is  very  apt  to  continue  by  the  use  of  old  or  altered  terms. 
But  it  has  been  seen  that  this  latter  offers  no  more  hope  for  a  useful 
classification  than  does  the  genetic  one. 

III.    THE  FUXCTIOXAL  OE  PHYSIOLOGICAL  AND  CLINICAL  CLASSIFICATIONS 

AND    THE   EELATION    OF    ANATOMICAL   TO    FUNCTIONAL 

CHANGES 

Functional  and  clinical  classifications  of  nephritis  are  strictly  speak- 
ing not  identical,  although  we  shall  consider  them  together  for  con- 
venience sake.  The  functional  takes  into  account  only  the  altered  kidney 
actions,  while  the  clinical  bases  its  views  on  the  sjonptom  complex;  that 
is  the  sum  total  of  all  functional  disturbances  in  the  whole  body  which 
accompany  or  are  resultants  of  the  kidney  disease. 

It  would  appear  from  the  start  that  both  these  methods  of  classifica- 
tion are  beset  with  difficulties  by  reason  of  our  limited  knowledge  of  the 
normal  kidney  function  and  the  even  greater  complexity  and  uncertainty 
of  pathological  functions  and  relations.  Furthermore,  the  variability 
and  lack  of  constancy  on  the  part  of  the  clinical  symptoms  would  be  an 
additional  handicap  to  a  clinical  classification. 

jSTevertheless,  both  have  acquired  considerable  importance  lately,  and 
an  efi'ort  has  been  made  to  establish  a  functional  differentiation  of 
kidney  disease.  It  must  therefore  be  considered  in  some  detail.  In  this 
connection  we  must  first  touch  on  certain  erroneous  conceptions  which 
have  resulted  from  a  rather  indiscriminate  use  of  anatomical  terms.  It 
has  become  the  custom  to  speak  of  vascular  and  tubular  nephritis  very 
much  as  formerly  of  parenchymatous  and  interestitial,  in  a  contrasting 
sense,  and  to  draw  a  sharp  distinction  between  glomerulo  and  tubular 
nephritis.  The  most  elaborate  and  ingenious  distinction  between  the  two 
forms  the  basis  of  Schlayer's  views  and  those  of  his  co-workers.  Now  it 
cannot  be  suflBciently  emphasized  that  every  nephritis,  be  it  the  product 
of  poisons,  or  toxins,  or  whatever  else,  involves,  if  one  considers  time 
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and  topographical  action  of  irritants,  all  structures  of  the  kidney.  It  is 
correct,  however,  that  these  structures  are  affected  in  an  unequal  quanti- 
tative and  qualitative  manner.^^ 

In  corrosive  sublimate  poisoning,  for  instance,  the  parenchyma  cells 
suffer  very  severely  and  conspicuously  from  the  beginning,  but  there 
exists  also  capillary  hyperemia  and  edema.  They  are  followed  rapidly  by 
cellular  exudation  and  proliferation.  Now  it  is  held  by  some  that  these 
changes  are  primarily  not  inflammatory,  but  purely  degenerative,  and 
that  this  kidney  lesion  is  a  nephrosis  and  later  an  inflammatory  nephrosis. 
In  order  to  make  this  plausible  it  becomes  necessary  to  disregard  the 
capillary  hyperemia  in  the  beginning  entirely  and  to  look  on  the  initial 
edema  as  non-inflammatory,  but  of  a  peculiar  specific  type.  (Heineke 
and  Marchand.^-)  Does  this  explanation  not  seem  forced?  Do  we  not 
come  nearer  an  understanding  of  the  actual  occurrence  if  we  regard  each 
of  these  evidences  as  an  integral  part  of  a  unit,  namely,  what  is  generally 
spoken  of  as  inflammatory  process?  We  may,  if  we  please,  treat  the 
components  of  this  process  separately  for  the  sake  of  study,  but  is  it  a 
gain  to  regard  them  as  entities?  They  do  not  present  themselves  as 
independent  processes,  but  occur  in  definite  genetic  progression  and 
relation.  Modifications  in  their  appearance  are  due  to  time  and  topo- 
graphical conditions  rather  than  to  deep-seated  changes  in  character. 
It  is,  therefore,  a  mistake  to  assume  that  in  what  is  described  as  glom- 
erulo  or  tubular  nephritis,  or  in  a  nephrosis  only  parts  of  the  kidney 
suffer  and  others  may  escape.  Nor  can  it  be  claimed  that  it  adds  to 
clearness  to  know  that  a  patient  suffers  primarily  from  a  pure  nephrosis 
and  shortly  afterwards  from  an  inflammatory  nephrosis.^^ 

But  it  may  further  be  urged  that  there  exist  many  kidney  injuries 
diie  to  toxins,  etc.,  in  which  one  of  the  important  parts  of  the  kidney  — 
vascular  or  tubular — is  relatively  uninvolved.  That  is  true,  but  it  would 
be  another  error  to  conclude  that  relatively  slight  morphological  changes 
are  equal  to  negligible  functional  disturbances  or  that  apparently  well- 
defined  morphological  alterations  are  always  equal  to  great  functional 
disturbances.  Pearce,  who  of  the  experimentalists  is  perhaps  the  most 
careful  one  not  to  lose  touch  with  the  morphological  side  of  the  question, 
showed  with  Eisenbrey^*  that  nephrotoxic  and  hemolytic  immune  sera 
cause  changes,  which,  by  physiological  methods,  present  no  evidences  of 
vascular  injury,  but  which  are  anatomically  characterized  by  exudative 


11.  A  fuller  discussion  of  this  much  disputed  question  may  be  found  in  my 
monograph:  The  Anatomic  Histological  Processes  of  Bright's  Disease.  Satmders 
Co.,  1910,  pp.  45  to  47  and  pp.  63  to  67. 

12.  Heineke:  Die  Veranderungen  der  menschlichen  Nieren  nach  Sublimat- 
vergiftung.     Ziegler's  Beitr.,  xlv,  193;  Marchand's  remarks,  ibidem,  p.  241. 

13.  The  definition  of  "nephrosis"  is  necessarily  as  uncertain  as  that  of 
"nephritis,"  for  the  views  on  the  nature  of  the  latter  determine  those  of  the 
former. 

14.  Fearce  and  Eisenbrey:    Jour.  Exper.  Med.,  1911,  xiv,  p.  30G. 
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glomerular  lesions  of  moderate  severity.  Vascular,  they  say,  must,  there- 
fore, be  used  in  the  broadest  sense,  and  that  lesions  of  the  membrane 
controlling  the  passage  of  fluid  may  occur  without  alteration  of  the  power 
of  the  vessel  to  contract  and  dilate.  They  differentiate  three  groups  of 
functional  and  anatomical  changes:  1.  In  which  little  or  no  anatomical 
evidence  of  vascular  injury  is  found,  but  in  which  physiological  methods 
show  profound  vascular  changes  (arsenic).  2.  In  which  anatomical 
evidence  of  vascular  (exudative)  injury  is  prominent,  but  in  which 
physiological  tests  are  negative  (hemolytic  serum).  3.  In  which  both  are 
prominent  (diphtheritic  toxin). 

These  experimental  investigations  agree  with  similar  clinical  and  ana- 
tomical evidences  in  human  nephritis  and  demonstrate  that  the  quality 
of  morphological  changes  is  of  great  importance  in  the  relation  of  ana- 
tomical to  functional  changes.  Aschoff  has  laid  much  emphasis  on  this 
point  as  we  shall  see  later.  It  has  been  a  general  practice  to  employ 
solelj''  a  not  too  exact  quantitative  measure  in  the  determination  of 
structural  changes  and  certainly  an  insufficient  amount  of  attention  has 
been  devoted  to  their  qualitative  character.  It  may  be  argued  that  after 
a  structure  has  been  destroyed,  it  matters  little  how  it  happened.  But 
in  the  first  place  important  functional  changes  appear  during  early  and 
slight  changes  in  a  structure,  and  secondly,  destruction  is  very  uneven, 
very  rarely  leading  to  complete  annihilation  of  all  cells  composing  a  part. 
Qualitative  structural  alterations  enter,  therefore,  into  the  functional 
changes  throughout  an  observation. 

A  last  important  point,  and  one  to  which  again  an  insufficient  amount 
of  attention  has  been  paid  in  the  experimental  investigations  of  the 
kidneys,  is  the  compensatory  action  of  one  part  for  another.  We  are  well 
acquainted  with  it  in  the  nervous  system,  we  know  a  little  of  it  in  other 
organs  like  the  hemapoietic  and  l3anphatic  systems  and  the  liver,  but  in 
the  kidney  we  are  further  from  understanding  it,  although  observations 
indicate  that  it  exists  in  this  as  in  other  organs. 

These  general  difficulties  of  a  functional  classification  are  further 
complicated  in  particular  by  the  different  results  and  views  on  the  toxic 
effects  of  poisons. 

The  importance  of  this  phase  of  the  subject  and  the  general  interest 
and  enthusiasm  which  has  been  aroused  in  it  after  the  brilliant  observa- 
tions of  Schlayer,  Takayasu,  ITcdinger  and  Volhard,  demand  a  some- 
what detailed  review  of  their  work. 

Schlayer  and  his  co-workers^'^  base  their  ideas  on  a  strict  division  of 
vascular  and  parenchymatous  injury  as  revealed  by  the  excretion  of 


15.  Schlayer  and  Hedinger:  Experimentelle  Studien  iiber  toxische  Nephritis. 
Deutsche.  Arch.  f.  klin.  Med.,  1907,  i,  90;  Schlayer:  Untersuchungen  tiber  die 
l<'unktion  kranker  menschlicher  Kiercn.  Kongress  fiir  innere  Medizin,  27  Kon- 
gress,  1910,  p.  744;  Hedinger:  Experimentelle  Studien  Uber  die  Wirkungsweise 
von  Nieren  und  Ilerzmitteln  auf  Kranke  Nieren.     Ibid,  p.  735. 


HORST     OERTEL  661 

water,  sodium  chlorid,  potassium  iodid  and  milk-sugar.  Their  experi- 
mental investigations  have  lately  been  supplemented  by  observation  on 
human  renal  disease.  Schlayer's  experimental  work  showed  that  when 
.the  tubular  cells  were  destroyed  the  excretion  of  jSTaCl  and  KI  was 
correspondingly  interfered  with,  while  vascular  injury  led  to  interference 
with  the  excretion  of  milk-sugar.  Urine  concentration  or  water  excretion 
may  be  influenced  in  two  ways :  By  tubular  injury,  which  diminishes  the 
amount  of  solids;  or  by  a  hypersensitiveness  of  the  blood-vessels,  which 
increases  water  secretion :  tubular  or  vascular  hyposthenuria. 

Sodium  chlorid  is  not  eliminated  in  the  tubular  nephritis,  hence  the 
urine  concentration  is  low;  on  the  other  hand,  sodium  chlorid  is  fully 
eliminated  in  the  vascular  type;  therefore  concentration  is  constant  and 
high,  for  the  blood-vessels  are  hypersensitive. 

In  human  oliguria  the  milk-sugar  excretion  is  slow,  while  that  of 
XaCl  and  KI  is  normal ;  it  is,  therefore,  vascular  in  character.  He  con- 
siders polyuria  due  to  sensitiveness  of  the  blood-vessels.  In  scarlet  fever 
nephritis  the  water  is  increased  on  account  of  vascular  irritation,  while 
the  milk-sugar  excretion  is  decreased;  in  other  words,  the  vascular 
activity  of  the  kidney  has  become  disassociated. 

The  same  underlying  conditions  are  found  in  contracted  kidney.  II 
resembles,  functionally,  the  acute  vascular  nephritis  in  a  disassociation 
of  its  vascular  activity,  i.  e.,  the  injury  to  the  blood-vessels  manifests 
itself  by  an  increase  of  water  elimination  and  diminution  of  milk-sugar 
excretion.  "W^iile,  however,  the  acute  nephritis  shows  both  a  diffuse 
anatomical  and  functional  involvement  of  blood-vessels,  the  early  stages 
of  contracted  kidney  present,  according  to  Schlayer,  a  diffuse  functional 
injiiry  when  the  anatomical  picture  still  reveals  only  patchy  disease. 
These  observations  and  ingenious  deductions  are  very  interesting,  but  it 
may  be  justly  doubted  whether  such  findings,  even  if  substantiated  by 
further  observations,  furnish  a  sufficient  basis  for  classification  and 
warrant  utter  neglect  of  anatomical  evidence.  In  the  first  place  impor- 
tant generalizations  are  drawn  from  the  excretion  of  a  few  relatively 
simple  substances  under  certain  artificial  and  pathological  conditions. 
"We  must  confess,  however,  that  very  much  is  still  uncertain  of  the 
fundamental  laws  which  govern  excretion  particularly  of  more  complex 
compounds.  We  are  quite  ignorant  of  the  factors,  direct  or  indirect, 
which  may  enter  into  the  rapidity  and  manner  of  elimination  of  one  or 
the  other  substance.  It  is  only  necessary  to  recall  here  the  contradictory 
results  of  experimenters  regarding  the  excretion  of  water  and  salt  in  the 
study  of  the  normal  functions  of  glomeruli  and  tubules,  and  the  possi- 
bilities of  compensatory  action.  We  find  further  a  certain  variance  in 
these  experimental  results  with  the  direct  anatomical  evidence,  and 
herein  rests  a  possibility  of  error.  The  anatomical  evidence  points 
strondv  to  the  fact  that  a  strict  distinction  between  vascular  and  tubular 
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nephritis  does  not  exist,  and  that  the  experimental  results  may  be 
explained  by  different  reasoning.  In  disease  the  conditions  may  be  even 
more  complicated.  Erich  Meyer's^"  observations  have  led  him  to  similar 
conclusions.  Aschoff^^  and  Suzuki's^®  recent  experiments  have  demon- 
strated with  clearness  that  the  effects  of  poisons  on  parenchyma  cells 
show  important  qualitative  differences ;  some,  like  uranium  and  mercuric 
bichlorid,  produce  necrosis  associated  at  times  with  a  hyaline  dropsical 
degeneration;  others,  as  in  the  case  of  cantharidin,  with  swelling  and 
vacuolization.  More  particularly  in  regard  to  cantharidin,  Aschoff  found 
contrary  to  the  generally  accepted  view  tubular  lesions  and  uninvolve- 
ment  of  glomeruli,  Aschoff,  therefore,  concludes  that  the  poisons 
employed  by  Schlayer  and  Hedinger  show  individual  differences  and 
complexity  in  their  topographical  action,  that  cantharidin  belongs  histo- 
logically with  greater  right  to  the  so-called  tubular  nephritis  and  that  a 
division  of  poisons  into  vascular  and  tubular  varieties  does  not  seem 
justifiable.  He  states :  All  poisons  act  primarily  on  the  parenchyma,  that 
is,  the  different  parts  of  the  convoluted  tubules ;  the  resulting  functional 
changes  are  the  results  partly  of  the  topographical  variations  in  the 
action  of  a  poison  and  partly  the  effects  of  the  poison  on  blood-pressure. 
Aschoff's  results  fully  corroborate  then  the  view  previously  expressed,^® 
and  emphasizes  the  necessity  of  a  revision  of  prevalent  ideas  regarding 
the  specific  actions  of  poisons.  There  are  other  important  points  in  this 
connection  which  Aschoff  and  Suzuki  have  attacked,  notably  the  signifi- 
cance of  vital  staining  and  an  attempt  to  analyze  further  the  structural 
and  functional  differences  in  the  tubules.  So  much  remains  to  be  done 
in  this  regard  that  we  are  far  from  the  possibility  of  a  functional  classi- 
fication of  kidney  diseases.  These  considerations  do  not  detract  in  the 
least  from  the  value  of  the  experimental  observations  recorded.  They 
remain  important  contributions  to  the  secretion  of  the  kidney  under 
abnormal  conditions.  But  one  should  hesitate,  at  least  at  present,  to 
accept  these  results  as  a  sufl3cient  basis  for  a  classification  of  kidney 
inflammations. 

But  we  are  even  more  at  a  loss  in  an  attempt  at  clinical  classification, 
which  introduces  additional  difficulties.  These  have  been  fully  discussed 
by  Fr.  Miiller,  so  that  it  is  unnecessary  to  enter  into  them  again.  He 
pointed  out  the  uncertainty  of  what  is  meant  by  acute  and  chronic 
lesions,  parenchymatous  and  interstitial,  and  the  difficulty  of  the  corre- 


16.  Meyer    Erich:     Discussion    of    Schlayer's    paper.      Kongress    fiir    innere 
Medizin,  27  Kongress,  1910. 

17.  Aschoff:    Zur  Morphologie  der  Nierensekretion  unter  physiologischen  und 
pathologischen  Bedingungen.     Vorhandl.  d.  deutsche.  path.  Gesellsch.,  1912,  xvi. 

18.  Suzuki:    Zur  Morphologie  der  Nierensekretion  unter  normalen  und  patho- 
logischen Bedingungen.    Jena,  1912. 

19.  See  my  monograph  on  Bright's  disease,  p.  66  B. 
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lation  of  the  clinical  picture  and  the  anatomical  lesion.  He  recommended 
abolishing  the  uncertain  anatomical  nomenclature,  and  to  employ  at  th6' 
bedside  only  descriptive  clinical  terms,  for  instance,  instead  chronic 
parenchymatous  nephritis,  chronic  hydropic  or  anhydropic  kidney  dis- 
ease. In  view  of  what  has  been  presented  above,  Miiller's  desire  to  dis- 
card old  outgrown  terms  and  to  substitute  a  very  general  directly  con- 
trollable descriptive  terminology  is  praiseworthy.  However,  it  cannot  be 
regarded  satisfactory  to  employ  a  purely  clinical  terminology  which  at 
the  best  is  only  a  repetition  of  symptoms  and  gives  no  idea  of  the  picture 
of  the  disease  processes  underlying  them. 

Indeed,  the  desire  to  correlate  clinical  symptoms  with  anatomical 
pictures  is  so  strong  and  necessary  for  the  scientific  physician  that  con- 
stantly and  justly  such  attempts  are  being  made.  The  greatest  difficulties 
are  encountered,  of  course,  in  connection  with  prolonged  kidney  diseases, 
above  all  the  contracted  kidney.  This  finds  its  reason  not  only  in  the  . 
complexity  of  the  disease,  but  in  the  ever-changing  views  of  pathologists 
about  the  origin  and  nature  of  that  affection.  It  is,  therefore,  worth 
while  to  present  the  question  of  contracted  kidney  in  some  detail,  as  it 
affords  an  excellent  illustration  of  the  difficulties  of  an  exact  classifi- 
cation. The  latest  most  generally  accepted  views  on  the  pathogenesis 
and  histogenesis  of  contracted  kidney  are  those  of  Jores  and  Prym. 

Jores'-"  ideas  are  to  some  extent  a  revival  of  those  of  Gull  and  Sutton, 
namely,  that  one  type  of  contracted  kidney  is  arteriosclerotic  and  not 
inflammatory.  Before  Jores,  Senator  and  Ziegler  had  recognized  the 
direct  relationship  of  arterial  changes  to  contracted  kidney  and  had 
described  a  type  as  arteriosclerotic  interstitial  nephritis  and  arterio- 
sclerotic atrophy  of  the  kidney.    Jores  makes  the  following  subdivisions : 

1.  The  red  granular  kidney  with  uniform  fine  granulations  and  of 
brownish-red  color,  characterized  histologically  by  interstitial  growth 
with  atrophic  tubules,  which  show  a  more  or  less  regular  arrangement. 
Diseased  parts  interchange  with  preserved  or  even  hypertrophied  paren- 
chyma. Parenchymatous  changes  are  quite  inconspicuous  or  absent,  but 
arteriosclerosis  (?)  of  the  small  kidney  arteries  is  very  marked. 

2.  The  secondary  contracted  kidney,  pale  or  yellowish  pale,  charac- 
terized histologically  by  an  irregular  arrangement  of  atrophied  parts.^ 
The  still  preserved  glomeruli  present  the  picture  of  glomerulo-nephritis. 
The  parenchymatous  degeneration  is  always  more  or  less  accentuated, 
but  arteriosclerosis  of  the  smaller  arteries  is  very  limited  or  absent.  In 
this  form  exists  little  or  no  heart  hypertrophy;  it  is  marked  in  Form  1. 


20.  Jores:  Ueber  Arteriosklerose  der  Kleinen  Organarterien  und  ihre  Bezie- 
hung  zur  Nephritis.  Virchows  Arch.  f.  path.  anat.  Vol.  cbcxviii;  Ueber  die 
Beziehungen  der  Schrumpfniere  zur  Herzhypertrophie.  Deutsche.  Archiv.  f. 
Klin.  Med.,  94. 
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As  a  result  of  his  largely  clinical  observations,  Volhard-^  has  added  a 
third  and  combined  form  consisting  of  1  plus  a  nephritis.  In  Form  1  he 
found  no  functional  disturbance;  in  Form  2  a  prolongation  of  water 
excretion  with  no  power  of  concentration,  and  in  3  the  same  deficiency 
plus  heart  hypertrophy.  A  fourth  type  of  contracted  kidney  was  occa- 
sionally met  by  him  without  any  rise  in  blood-pressure  and  functionally 
related  to  the  secondary  contracted  kidney  (very  rare). 

Jores'  observations  have  been  supplemented  by  those  of  Fahr,-- 
Gaskell/^  and  lately  by  an  interesting  study  of  Herxheimer,^*  which 
agrees  in  the  main  points  with  what  I  have  had  occasion  to  observe  in  this 
matter.  He  found  even  in  the  early  stages  of  this  disease  never  an 
entirely  healthy  parenchyma,  although  the  vascular  changes  were  much 
more  prominent  than  those  in  the  parenchyma.  Nevertheless,  I  am  of 
the  opinion  that  these  parenchymatous  changes  must  be  regarded  as  of 
some  importance  in  relation  to  the  character  of  the  disease.  They  are 
present  at  a  time  when  nutritive  interference  by  vascular  obstruction  is 
out  of  question  and  must  therefore  be  attributed  to  other  irritating  influ- 
ences. The  characteristic  change  in  the  small  vessels  should  not  be  con- 
founded with  the  ordinary  arteriosclerotic  elastic  hyperplasia  of  larger 
vessels.  It  consists  of  a  hyaline  swelling  of  the  intima  associated  with 
the  appearance  of  fatty  substances. 

According  to  Herxheimer,  it  affects  frequently  the  vasa  vasorum  of 
larger  arteries,  but  also  the  vasa  afferentia  and  loops  of  the  glomeruli ;  he 
did  not  observe  this  in  genuine  nephritis.  Contrary  to  the  findings  of 
Jores,  Herxheimer  missed  this  change  in  other  organs  with  the  exception 
of  the  spleen.  But  the  latter  is  of  no  significance  on  account  of  the 
frequent  occurrence  of  similar  vascular  changes  under  all  sorts  of  con- 
ditions. Herxheimer  regards  the  vessel  lesions  as  part  of  general  arterio- 
sclerosis, and  believes  that  toxic  agents  injure  the  small  kidney  vessels, 
thus  leading  to  hypertonia  and  contracted  kidney.  He  leaves  the  genesis 
of  the  lesion  uncertain;  it  may  be  due  to  a  direct  poisonous  action  or 
possibly  an  indirect  result  of  alterations  in  kidney  tissue  or  due  to 
nephrotoxins. 

Attention  has  been  drawn  to  similar  vascular  changes  in  other  organs ; 
for  instance,  in  the  capillaries  of  the  islands  of  Langerhans  in  the  pan- 
creas. It  is  considered  not  unlikely  that  they  form  a  basis  for  the 
development  of  disease  in  various  organs. 

21.  Volhard:  Ueber  die  funktionelle  Unterscheidung  der  Schiumpfniere.  Kon- 
gress  fur  innere  Medizin  27.     Kongress,  1910,  p.  735. 

22.  Fahr:  Ueber  chronische  Nephritis  iiiid  ihre  Beziehung  zur  Arteriosklerose. 
Virchows  Arch.  f.  path.  Anat.,  Vol.  195;  Zur  pathologisch  anatomischen  Unter- 
scheidung der  Schrumpfniere,  etc.     Frankfurter  Ztschr.  f.  Path.,  ix. 

23.  Gaskell:  On  the  Changes  in  Glomeruli  and  Arteries  in  Inflammatory  and 
Arteriosclerotic  Kidneys.     Jour.  Path,  and  Bacteriol.,  1911,  xii,  287. 

24.  Herxheimer:    Verhandl.  d.  deutsche.  path.  Gesellsch.,  1912,  p.  211. 
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Now,  whiie  many  modern  pathologists  are  inclined  to  separate  the 
red  granular  or  so-called  primary  contracted  kidney  entirely  from  the 
groups  of  nephritis,  it  may  in  my  opinion  still  be  questioned  whether 
we  are  fully  justified  in  doing  so,  or  whether  the  older  standpoint,  which 
included  it  among  the  interstitial  or  productive  group  of  nephritis,  has 
not  considerable  justification.  Mention  has  already  been  made  of  the 
existence  of  parenchymatous  changes,  which,  although  quantitatively 
slight,  show  an  injury  beyond  the  vascular  districts  at  a  time  when  they 
cannot  be  explained  by  simple  quantitative  interference  with  the  nutrition 
of  these  parts  as  a  result  of  the  vascular  involvement.  Furthermore,  even 
with  due  consideration  to  the  different  structure  in  large  and  small 
vessel,  the  different  nature  of  these  vascular  changes  from  arteriosclerotic 
or  atherosclerotic  lesions  and  its  uncertain  relation  to  the  other  arterio- 
sclerotic processes,  which  Herxheimer  himself  emphasizes,  rather  point 
to  a  direct  toxic  effect. 

Finally,  the  early  focal  accumulation  of  cells  in  the  immediate  neigh- 
borhood of  injured  parts  closely  resembling  certain  inflammatory  reac- 
tions, the  subsequent  irregular  formation  of  granulation  tissue  and 
growth  of  connective  tissue,  raise  the  possibility  of  more  diffuse  and 
specific  sclerogenic  irritating  influences. 

Conditions  in  the  kidney  may  in  this  regard  perhaps  be  compared  to 
certain  affections  in  the  liver,  notably  the  cirrhoses  and  subacute  liver 
atrophies.  Curiously  enough,  Jcres  himself  has  drawn  attention  to  this 
in  connection  witli  a  case  of  subacute  liver  atrophy  presented  to  the 
German  Pathological  Society.     Jores^^  says: 

"If  one  goes  so  far  as  to  regard  the  destruction  of  liver  tissue  as  the  only 
essential  process  and  the  connective  tissue  growth  only  dependent  upon  this  loss, 
observations  which  I  have  made  in  connection  with  the  case  under  discussion 
speak  decidedly  against  such  an  assumption.  For  it  is  noteworthy  that  in  this 
case  of  marked  destruction  of  liver  parenchyma  with  a  duration  of  three  months, 
no  connective  tissue  proliferation  of  consequence  has  occurred.  It  demonstrates 
that  besides  the  loss  of  parenchyma  an  additional  factor  enters  into  the  patho- 
genesis of  liver  cirrhosis;  this  causes  the  chronic  proliferating  inflammation,  or, 
as  S.  V.  Heukelom  expressed  it,  an  equally  effective  degenerative  and  sclerogenic 
injury  of  cells."  At  the  same  time  Albrecht"*  declared  that  "if  one  compared 
these  observations  (Jores  case)  with  those  of  Paltauf,  who  had  seen  early  con- 
nective tissue  growth  in  the  liver  of  phosphorus  poisoning,  one  must  arrive  at 
the  conclusion  that  in  the  first  instance  existed  a  toxic  action  on  the  liver  cells 
alone,  while  in  the  second  an  irritative  action  on  the  connective  tissue  is  added. 
One  must  question  therefore  decidedly  whether  the  connective  tissue  formation 
in  cirrhosis  is  only  the  expression  of  simple  scar  formation." 

It  appears  that  the  conditions  in  contracted  kidney  are  very  similar, 
and  indeed,  as  shown  above,  interstitial  cell  foci  and  thickening  occur 
before  loss  of  parenchyma  would  call  for  cicatrization. 

25.  Jores:  Zur  Ivenntniss  der  subakuten  Leberatrophie.  Verhandl.  d. 
deutsche.  path.  Gesellsch.,  1907,  xi,  320. 

26.  Albrecht:    In  the  discussion  of  Jores  article.     See  note  25. 
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My  experience  is  that  the  vascular  changes  do  not  even  generally 
assume  marked  dimensions  without  simultaneous  extension  of  cellular 
foci  and  connective  tissue  thickening,  which  seems  to  indicate  that  all  of 
these  changes  are  correlated  rather  than  dependent.  (Compare  the  two 
excellent  illustrations  accompanying  Herxheimer's  article  in  the  Ter- 
handlungen  der  Dcutscken  Pathologisclien  Gesellscliaft,  1912,  especially 
Figure  2.) 

It  must  also  be  remembered  that  even  extensive  arteriosclerosis  of 
small  vessels  in  other  organs  does  not  appear  to  lead  to  the  quantitative 
and  qualitative  changes  which  are  characteristic  of  this  form  of  con- 
tracted kidney. 

These  considerations  make  it  probable  that  the  processes  leading  to 
the  primary  or  red  contracted  kidney  are  evidences  of  irritative  influences 
within  the  kidney,  of  which  the  vascular  changes  only  form  an  early  and 
conspicuous  feature. 

It  is  somewhat  doubtful  whether  the  three  cases  which  Gaskell 
reports  as  representatives  of  early  and  more  advanced  vascular  contracted 
kidney  really  belong  to  this  category  or  not,  more  properly  to  the  arterio- 
sclerotic kidney  as  recognized  by  Senator,  Ziegler  and  others.  In  Case  34 
a  specific  (syphilitic?)  etiology  may  have  been  involved.  It  concerned 
a  young  man  of  34  years,  Avho  died  with  the  diagnosis  of  dementia 
praecox  (  ?).  On  autopsy  were  found  focal  brain  softening  due  to  exten- 
sive and  pronounced  arterial  changes  (syphilitic?),  extending  from  the 
basal  arteries  throughout  the  brain.  History  and  other  clinical  data  were 
unsatisfactory;  there  were  no  records  of  blood-pressure  or  other  diag- 
nostic measures.  Moderate  heart  h^-pertrophy  was  present.  The  kidney 
appeared  macroscopically  and  microscopically  normal,  except  for  thick- 
ening and  fatty  changes  of  arteries  and  occasional  hyaline  glomerules. 
Parenchyma  and  interstitial  tissue  were  quite  un involved.  The  other  two 
cases  are  even  more  doubtful  in  this  respect.  Case  38  appears  typical  of 
the  infarcted  kidney  of  arteriosclerosis  (Ziegler),  and,  furthermore,  was 
complicated  by  a  left-sided  hydronephrosis  and  atrophy  due  to  stone. 
In  Case  39  the  kidney  is  described  only  as  decreased  in  size  and  the  cortex 
as  diminished;  no  microscopic  examination  is  given. 

Frey  has  also  been  unable  to  uphold  entirely  Volhard's  and  Jores' 
contentions,  and  KrehP'  is  very  sceptical  in  this  regard. 

Volhard  believes  that  Jores'  secondary  contracted  kidney  (macro- 
scopically yellowish,  pale,  microscopically  with  accentuated  parenchjin- 
atous  degeneration  and  typical  inflammatory  glomeruli,  without,  or  at 
least  with  very  limited,  arteriosclerosis  and  no  heart  hypertrophy)  occurs 
even  more  frequently  than  the  combined  form.     (Type  3.)     Frey,  how- 


27.  Krehl:    (See  discussion  of  Schlayer's  and  Volhard's  papers.     Kongress  fiir 
innere  Medizin.,  27.     Kongress,  1910. 
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ever,  has  not  one  case  in  his  series  of  observations  which  conforms  with 
all  the  requirements  for  Type  2  of  Jores.  In  one  case  existed  a  blood- 
pressure  of  195;  autopsy  showed  a  kidney  macroscopically  corresponding 
to  this  form,  and  there  was  little  arteriosclerosis,  but,  contrary  to  Jores, 
marked  hypertrophy  of  the  heart.  Even  Eoth,-®  who  investigated  the 
relationship  of  arteriosclerosis  to  contracted  kidney  in  Jores'  laboratory, 
speaks  of  contracted  kidney  without  arteriosclerosis  as  an  exception,  and 
of  the  six  cases  which  he  reports,  three  showed  some  vascular  changes. 
My  records  agree  with  Frey's-^  conclusions  in  so  far  as  occurrence  of 
diseased  renal  vessels^"  and  heart  hypertrophy  in  contracted  kidney  are 
concerned.  I  must  believe  that  both  are  the  rule  and  that  their  absence 
is  irregular  and  dependent  on  certain  other  influences :  nutrition,  atrophy 
of  muscle,  edema,  rapidity  with  which  the  disease  leads  to  fatal  issue,  etc. 
There  also  seems  to  be  no  question  that  the  degree  of  kidney  contraction 
stands  in  no  direct  relation  to  the  degree  of  heart  hypertrophy. 

Frey"®  is  able  to  recognize  a  type  of  arteriosclerotic  kidney  already 
acknowledged  by  Romberg.  This  form  is  characterized  clinically  by 
stasis.  It  M^as  formerly  regarded  as  nephritis  and  is  probably  identical 
with  what  Bollinger  and  his  school  described  erroneously  as  Stauungs- 
chrumpfniere.  A  previous  communication^^  has  discussed  that  feature 
of  the  question  fully. 

In  Frey's  opinion  the  old  secondary  contracted  kidney  and  Jores' 
Form  2  are  practically  identical. 

According  to  these  modified  views,  he  differentiates  between: 

1.  Vascular  contracted  kidney  (Nephropathia  chronica  degenerativa 
sive  circulatoria  of  Aschoif),  (a)  of  larger  type  (Ziegler's  arteriosclerotic 
kidney)  ;  (b)  of  smaller  kidney  vessels  (may  include  the  red  granular 
type  of  Jores,  and  the  old  primary  interstitial  nephritis  of  Senator.  It  is 
in  my  opinion  doubtful  whether  this  really  corresponds  to  the  primary 
contracted  kidney  or  interstitial  nephritis,  both  of  which  are  more  cor- 
rectly grouped,  as  explained  above,  under  the  productive  nephritis). 


28.  Eoth:  Ueber  Schrumpfniere  ohne  Arteriosklerose.  Virchows  Arch.  f. 
path.  Anat.,  clxxx. 

29.  Frey:  Zur  Pathologic  der  chronischen  Xephritiden.  Deutsche.  Archiv. 
f.  klin.  Med.,  1912,  cvi. 

30.  It  is  questionable  whether  some  of  these  vascular  changes  in  contracted 
kidney  are  not  the  result  of  the  local  inflammatory  conditions.  A  periarteritis 
may  involve  the  adventitia  and  perivascular  infiltration  may  combine  with 
fibroblastic  proliferation  and  lead  to  thickening  of  the  adventitia.  This  lesion 
may  even  extend  toward  the  lumen  of  the  vessel,  thereby  adding  an  endarteritis 
obliterans.  A  direct  toxic  action  on  the  intima,  particularly  in  the  smaller  ves- 
sels, appears  also  very  possible.  The  arterial  changes  in  nephritis  need  reinvesti- 
gation. It  appears  that  some  of  them  do  not  belong  to  what  is  generally  grouped 
as  arteriosclerosis. 

31.  Oertel:  The  Cyanotic  Induration  of  the  Kidney.  Jour.  Med.  Research. 
Boston,  June,  1912,  xxvi,  No.  2. 
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2.  Parenchymatous  contracted  kidney  (Nephropathia  chronica  inflam- 
matory of  AschofiE)  including  the  old  secondary  contracted  kidney  and 
Jores'  Form  2. 

3.  The  combined  form  of  Volhard:  nephritis  plus  arteriosclerosis. 
According  to  Frey,  these  types  differ  correspondingly  clinically  thus : 
Form  1,  with  high  blood-pressure  and  urine  stasis  (the  exact  type, 

a  or  b,  cannot  be  diagnosticated). 

Form  2,  with  dilute  urine,  inability  of  the  kidney  to  concentrate,  no 
heart  hypertrophy  or  high  blood-pressure. 

Form  3,  like  2  but  plus  high  blood-pressure  and  heart  hypertrophy. 

There  are,  of  course,  exceptions;  the  vascular  type  may  show  no  urine 
changes,  provided  the  heart  action  is  good ;  specific  gravity  and  power  of 
concentration  may  then  be  normal.  Again,  the  parenchymatous  forms 
do  not  necessarily  show  typical  functional  disturbances. 

Volhard's  views  may  be  summarized  in  this  regard  thus : 

Form  1,  normal  concentration  and  water  excretion,  normal  excretion 
of  NaCl  and  nitrogen. 

Form  2,  hyposthenuria,  compensated  by  polyuria  (see  Schlayer's 
explanation  above)  as  long  as  there  exists  relative  sufficiency  of  the 
kidney. 

Form  3,  combination  form,  probably  dependent  on  a  predisposition 
of  Form  1  to  acquire  nephritis.  In  Volhard's  opinion,  it  is  the  old 
genuine  contracted  kidney,  and  has  a  tendency  to  uremia. 

Anatomical  as  well  as  clinical  subdivisions  of  contracted  kidney  are, 
therefore,  still  much  under  discussion,  and  their  character  uncertain, 
particularly  whether  the  old  primary  or  genuinely  contracted  kidney  is 
only  arteriosclerotic  in  character,  or  whether  it  represents,  as  I  am 
inclined  to  think,  an  inflammatory  lesion  with  characteristic  involvement 
of  small  vessels,  or  whether,  finally,  a  combination  of  arteriosclerotic 
changes  superseded  by  nephritis  as  Yolhard  believes. 

In  view  of  the  complexity  of  the  matter  and  the  number  of  divergent 
and  constantly  changing  views  about  the  nature  of  these  processes  does 
it  appear  possible  to  arrive  at  any  classification  at  all? 

Indeed  Krehl's  remarks  at  the  Congress  for  Internal  Medicine  in 
Wiesbaden  in  1910  were  very  sceptical. 

I  shall  endeavor  in  the  second  part  of  this  paper  to  show  just  how  far 
a  classification  appears  possible. 

IL 

CLASSIFICATION 

It  must  be  emphasized  that  all  classifications  in  medicine  as  well  as 
in  other  branches  of  science  carry  with  necessity  the  weakness  inherent 
to  the  greater  or  lesser  artificiality  of  all  scientific  definitions.  Theseus, 
we  are  told,  erected  on  the  Isthmus  of  Corinth  a  column  bearing  on  one 
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side  the  inscription,  "Here  is  the  Peloponnesus  and  not  Attica/'  and  on 
the  other,  "Here  is  Attica  and  not  the  Peloponnesus."  But  no  scientific 
investigator  could  safely  imitate  this  mythic  hero,  for  the  complexity  and 
variability  of  all  natural  phenomena  make  similar  strict  divisions  based 
on  individual  observations  and  ideas  easily  vulnerable  and  perishable. 
The  scientific  investigator  must  remain  conscious  of  the  fact  that  his 
classifications  are  working  tools  for  the  study  of  phenomena,  which  in 
reality  lack  isolation,  but  are  actual  only  in  their  genetic  relation  and 
interdependence  with  others.  Processes  defy  strict  classification:  only 
the  fossillized  remnant  may  be  embalmed  and  laid  at  rest  in  a  final 
system. 

A  classification,  therefore,  in  order  to  be  applicable  to  processes  of 
life,  may  only  cover  general  characteristics.  It  must  confine  itself  to  the 
substance,  the  nucleus  of  the  matter,  for  as  soon  as  it  extends  to  the  side 
lines  it  merges  imperceptibly  with  others  which  confuse  and  defeat  the 
very  purpose  for  which  it  was  designed. 

Thus  an  exact  classification  which,  not  unlike  that  of  an  actio  finium 
regundorum  in  Eoman  law,  attempts  to  draw  sharp  boundary  lines 
between  it  and  its  neighbors,  attempts  a  separation,  which  in  reality  does 
not  exist,  and  which  in  practice  leads  to  serious  disadvantage  and  away 
from  truth. 

Mention  should  perhaps  here  be  made  of  a  psychological  complication 
in  attempts  at  classification.  They  naturally  reflect  the  view-point  of  the 
observer.  Whatever  appears  most  readily  in  the  classifier's  field  of  vision, 
or  that  which  he  is  in  the  habit  of  thinking  in,  is  to  him  the  most 
important  principle.  It  colors  his  whole  scheme.  It  is  difficult,  for 
instance,  for  a  morphologist  to  think  in  other  than  visual  conceptions; 
his  ideas  represent  definitely  related  morphological  processes ;  one  trained 
only  in  physiological  methods  of  research  needs  much  less  a  dominant 
morphological  substratum  for  a  satisfactory  conception. 

liow  if  one  studies  carefully  the  complicated  situation  which  has  been 
outlined  above,  one  must,  I  believe,  come  to  the  conclusion  that  it  is 
unsafe,  at  least  at  present,  to  leave  entirely  the  ground  of  objective 
morphological  experience.  For  etiological,  histogenetic,  functional  and 
clinical  facts  at  our  disposal  are,  in  the  first  place  insufficient;  in  the 
second  place  too  variable  to  serve  as  basis  for  a  classification  of  nephritis. 
It  appears  equally  mistaken,  however,  to  introduce  subjective  views 
regarding  the  character  of  anatomical  processes,  or  to  separate  more  or 
less  arbitrarily  certain  parts  which  experience  has  shown  in  close  union 
with  others.  ISTothing,  it  appears,  is  gained  by  such  procedure;  it  is  a 
source  of  confusion,  leads  to  academic  discussions  and  does  not  aid  in 
the  understanding  of  the  nature  of  a  disease  at  all.  Marchand  properly 
questions  what  would  be  gained  by  speaking  of  an  inflammatory  neph- 
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rosis,  instead  of  an  inflammation  or  of  a  degenerative  or  parenchymatous 
nephrosis?  Shortly  before  his  death,  Senator  expressed  to  me  similar 
views.  Indeed,  such  individual  opinions  and  ideas  regarding  the  nature 
of  pathological  processes  change  so  frequently  and  there  exist  so  many  at 
one  time  that  one  can  find,  for  instance,  in  a  modern  text-book  of  path- 
ology, written  by  leading  pathologists,  three  different  ideas  and  descrip- 
tions of  the  inflammatory  process.  And  that  particular  book  is  for 
students  and  practitioners. 

Observation  shows  that  "inflammation"  is  composed  of  a  number  of 
processes,  which,  on  account  of  their  close  genetic  relation  and  interde- 
pendence and  more  or  less  definite  course,  may  be  conveniently  regarded 
as  a  unit.  In  other  words,  it  is  the  sum  total  of  processes  which  appear 
as  the  result  of  certain  irritations.  But  if  we  go  beyond  this  and  assume 
on  the  basis  of  theoretical  considerations  which  can  be  neither  entirely 
proved  nor  disproved,  that  the  nature  of  inflammation  is  only  degenera- 
tive, or  that  it  is  only  reactive  for  purposes  of  defense,  and  that  the  term 
inflammation  should  be  restricted  to  one  or  the  other  of  these  features, 
then  we  introduce  arbitrary  lines  of  demarkation  based  on  personal 
opinions  and  build  on  these  unstable  systems.  This  situation  is  not 
improved  by  the  fact  that  another  diflSculty  arises  immediately  in  deter- 
mining what  is  to  be  included  under  the  passive  and  what  under  the 
reactive  phenomena.  Some,  for  instance,  regard  parenchymatous  degen- 
eration as  a  passive  process;  others  as  an  active  response  to  an  inflam- 
matory stimulus. 

Thus  the  present  discussions  about  the  nature  of  inflammation 
resemble  somewhat  the  discussions  of  the  old  psychologists  about  the 
nature  of  the  soul.  They  gave  first  a  metaphysical  definition  of  the  soul, 
then  arranged  facts  according  to  it.  A  greater  uniformity  of  views  and 
a  more  satisfactory  classification  in  psychology  were  only  reached  after 
psychic  phenomena  were  no  more  regarded  as  isolated  units  or  tran- 
scendental forces,  and  after  it  was  appreciated  that  "soul"  is  a  convenient 
term  for  the  sum  total  of  our  inner  experience.  Medicine  in  general  still 
suffers  more  than  other  sciences  from  an  effort  at  medieval  definitions. 
These,  however,  are  for  reasons  previously  given,  impossible. 

I  attempted,  therefore,  several  years  ago^^  to  rehabilitate  a  purely 
descriptive  anatomical  classification  which  has  the  advantage  of  com- 
patability  with  the  needs  of  the  clinician  and  pathologist.  It  assumes 
that  nephritis  designates  a  unit  from  beginning  to  end,  and  therefore 
includes  all  processes  which  may  enter  into  or  may  directly  modify  the 
expressions  of  this  inflammatory  process.  It  touches  in  no  way  on  the 
disputable  pathogenesis  or  the  varying  topographical  involvement,  both 
of  which  go  beyond  the  possibility  of  a  general  classification.  It  indicates 
only  the  predominating  pathological  feature  or  features. 


32.  Ocitel:    Bright's  Disease,  pp.  22-26,  214-21/3. 
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The  idea  of  a  descriptive  anatomical  principle  for  classification  is  not 
new.  It  was  successfully,  if  only  partly,  followed  by  Cohnheim,  Orth 
and  others  and  in  this  country  by  Delafield.  They  used  the  terms  degen- 
erative, exudative,  productive  or  proliferative  as  useful  qualifying  adjec- 
tives. But  following  Miiller's  suggestions  and  efforts  to  eliminate  anti- 
quated and  misleading  terms  entirely,  I  propose  to  go  further  and  make 
it  the  underlying  foundation  for  the  entire  system  of  classification  of  the 
inflammations  of  the  kidney. 

Such  a  classification  may  be  held  to  be  too  broad,  and  therefore 
insufficient,  but  it  may  be  properly  questioned  for  reasons  previously 
discussed,  whether  a  scientific  classification  may  offer  more  than  an 
expression  of  fundamental  or  general  characteristics. 

We  obtain  thus  a  classification  by  groups  rather  than  by  individual 
diseases,  and  it  is  my  belief  that  with  growing  knowledge  and  necessarily 
growing  differences  of  opinion  in  regard  to  the  exact  place  of  diseases, 
classification  by  groups  will  become  the  best  means  to  serve  the  more 
general  needs  of  the  physician  without  interfering  with  the  necessary 
freedom  of  thought  and  opinion  of  the  scientific  investigator. 

We  may,  accordingl}^,  draw  the  following  sketches : 

1.  The  group  of  simple  nephritis,  in  which  occurs  cloudy  swelling 
and  parenchymatous  degeneration,  inflammatory  edema  and  serous 
exudate,  associated  at  times  by  desquamation  and  inflammatory  prolifer- 
ation of  parenchyma  cells.    Eestitution  to  integrity. 

2.  The  group  of  degenerative  and  exudative  nephritis,  destructive  in 
character ;  represented  by  marked  and  extensive  degeneration  and  necrosis 
of  parenchyma  cells,  cellular  exudate,  occasionally,  with  hemorrhages 
into  glomeruli,  periglomerular  and  intertubular  tissue  and  into  tubules. 
Proliferation  of  parenchyma  cells  in  glomeruli  and  tubules,  abundant  east 
formation.  The  predominating  feature  may  exist  either  on  the  degener- 
ative or  exudative  side. 

3.  The  group  of  degenerative  and.  productive  nephritis,  destructive 
and  constructive  in  character ;  with  prominent  degenerative,  largely  fatty 
changes,  much  slighter  and  frequently  more  localized  exudative  processes, 
proliferation  of  parenchyma  cells  with  the  formation  of  epithelial  giant 
cells,  cast  formation,  appearance  of  leukocytoid  and  fibroblastic  cells,  loss 
and  collapse  of  glomeruli  and  tubules,  gradual  formation  of  mature 
fibrous  tissue  overgrowing  wasted  and  wasting  parts,  first  patchy,  then 
more  diffuse.  Occasional  hemorrhages.  Thickening  of  renal  arteries, 
occasional  formation  of  infarcts. 

4.  The  group  of  productive  nephritis,  associated  with  a  marked 
reconstruction  of  kidney  cells  and  architecture. 

a.  Diffuse:  With  less  violent  but  general  degeneration  and  loss  of 
parenchyma    and    glomeruli    by    inflammatory    obliteration.      Marked 


672  THE     ARCHIVES     OF    INTERNAL     MEDICINE 

regeneration  of  flat  and  syncytial-like  tubular  epithelium  with  marked 
distortion  of  the  tubules,  and  associated  abundant  irregular  overgrowth 
of  connective  tissue.  Arteriosclerosis  of  kidney  arteries  usually  prom- 
inent; infarct  formation  occasional  (includes  in  general  the  old  secondary 
contracted  kidney  and  Jores  Yorm.  2,  Frey's  Form  2,  Volhard's  Form  2 
and  probably  cases  of  Form  3.  Nephropathia  chronica  inflammatoria  of 
Aschoff ) . 

b.  Focal  and  patchy :  Characterized  early  by  a  hyaline  swelling  and 
fatty  degeneration  of  intima  and  endothelial  cells  of  the  small  renal 
vessels  and  capillaries,  associated  with  cellular  interstitial  and  peri- 
glomerular  cell  foci  and  focal  parenchymatous  degeneration.  All  of  these 
acquire  gradually  more  momentum,  but  the  involvement  of  the  small 
vessels  remains  most  conspicuous.  It  leads  to  obliteration  of  their  lumen, 
thereby  adding  quantitative  to  the  qualitative  disturbance.  Thus  results 
collapse  of  affected  parts,  the  extent  of  which  necessarily  varies,  so  that 
at  times  the  superficial  appearance  of  the  kidney  may  be  only  very  finely 
granular.  The  extent  of  new  connective  tissue  formation  is  also  corre- 
spondingly irregular,  usually  most  pronounced  around  Bowman's  capsule. 
The  tubules  are  relatively  well  preserved  until  late  in  the  disease,  and 
epithelial  desquamation  is  insignificant.  The  disease  is  usually  accom- 
panied by  arteriosclerosis  of  the  kidney  arteries.  (Includes  in  general, 
Jores'  Type  1,  Frey's  Type  1,  Subdivision  b,  and  Volhard's  Type  1,  and 
possibly  cases  of  Type  3.  jSTephropathia  chronica  degenerative  sive  cir- 
culatoria  of  Aschofi'.  The  old  genuine  contracted  red  kidney  or  primary 
interstitial  nephritis.) 

The  difference  between  a  and  b  lies  in  the  fact  that  in  a,  a  relatively 
strong  or  decliningly  strong  irritative  influence  has  affected  the  kidney 
very  diffusely,  perhaps  as  the  result  of  a  previous  severe  degenerative  and 
exudative  nephritis ;  in  b,  a  much  less  severe  but  persistent  irritant,  which 
is  never  sufficiently  strong  to  produce  severe  diffuse  degeneration  and 
exudation,  gradually  involves  the  kidney  in  disease.  It  naturally  affects 
the  walls  of  the  smaller  blood-vessels  and  the  glomeruli  prominently  first, 
on  account  of  their  exposure  by  virtue  of  anatomical  structure  to  irri- 
tants and  blood-pressure.  By  almost  simultaneous  extension  of  its 
irritating  influence  it  attacks  patches  of  parenchyma  and  the  neighboring 
periglomerular  parts  which  respond  by  focal  cell  accumulation.  Their 
appeatance  is  then  manifest,  as  we  have  seen,  before  any  quantitative 
interference  by  vascular  obliteration  is  possible.  In  all  forms  of  con- 
tracted kidney  heart  hypertrophy  is  the  rule. 

Finally,  one  may  group  as  independent  non-inflammatory  affections 
the  senile  atrophy  and  the  true  arteriosclerotic  atrophy  of  the  Ziegler 
type.  The  latter  is  plainly  characterized  by  patchy  loss  of  substance  due 
to  elastic  thickening  and  gradual  obliteration  of  arteries  alone.    It  does 
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not  show  an  atrophy  of  glomeruli  or  tubules  due  to  other  reasons;  scar 
formation  remains,  therefore,  quite  limited  and  follows  strictly  in  the 
path  of  the  lost  substance. 

In  a  previous  communication,^^  it  has  been  shown  that  a  cyanotic 
induration,  Stauungschrumpfniere,  does  not  exist,  and  that  cases  thus 
described  are  either  of  Groups  b,  productive  nephritis,  or  of  the  arterio- 
sclerotic non-inflammatory  atrophy  of  the  kidney  associated  with  stasis. 

30  West  Forty-Fourth  Street. 


33.  Oertel:      The  Cyanotic  Induration  of  the  Kidney.     Jour.  Med.  Research, 
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THE  ETIOLOGY  AND  TREATMENT   OF  HEMOGLOBINURIC 

FEVER 

A    REPORT    OF    FIVE    HUNDRED    AND    FOURTEEN    CASES  * 
CARL     LOVELACE,     M.D. 

AVACO,     TEXAS 

The  exact  etiology  of  hemoglobiniiric  fever  is  still  undetermined.  It 
has  been  considered  the  result  of  pernicious  malarial  infection  in 
instances  in  which  quinin  will  give  relief;^  others  consider  it  evidence  of 
quinin  intoxication;^  still  others  that  we  have  here  a  duplex  disease,^ 
quinin  in  some  cases  giving  relief,  in  others  hastening  a  fatal  termina- 
tion, a  disease  sui  generis,*  where  quinin  is  neither  injurious  nor  bene- 
ficial. Some  have  advised  the  use  of  quinin  only  when  the  parasites  can 
be  demonstrated  in  the  peripheral  blood,^  still  others  believe  that 
hemoglobinuric  fever  can  be  avoided  if  the  quinin  is  given  intra- 
muscularly.^ 

Considering,  then,  the  conflicting  opinions  as  to  the  nature  and 
treatment  of  hemoglobinuric  fever,  it  is  hoped  that  this  article,  based  on 
514  cases  of  blackwater  fever,  treated  by  American  physicians  in  the 
hospital  of  the  Madeira-Mamore  Railway  Company,  Porto  Velho,  Brazil, 
between  Jan.  1,  1908,  and  Nov.  27,  1912,  may  be  of  interest. 

It  is  proposed  to  consider:  (1)  the  relation  of  the  disease  or  condition 
to  malaria;  (2)  its  relation  to  a  particular  species  of  malarial  parasite; 
(3)  its  relation  to  quinin;  (4)  its  racial  and  personal  incidence. 

Under  treatment,  it  has  seemed  best  to  discuss:  (1)  the  results  of 
treatment  with  quinin;  (2)  the  results  of  treatment  without  quinin;  (3) 
the  general  treatment  of  the  condition,  and  (4)  the  relation  of  the 
quinin  prophylaxis  of  malaria  to  blackwater  fever. 


*  Submitted  for  publication  Feb.  14,  1913. 
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RELATION    TO    MALARIA 

(1)  Of  327  cases  of  blackwater  fever  treated  in  this  hospital  between 
Jan.  1,  1911,  and  Nov.  27,  1912,  malarial  parasites  were  found  in  the 
peripheral  blood  in  145,  or  44  per  cent.,  either  on  admission  or  within  a 
few  days  thereafter.  This  becomes  more  significant  when  the  following 
circumstances  are  considered:  (a)  In  a  majority  of  the  cases  only  one 
blood  examination  was  made,  and  it  was  made  during  the  period  of 
hemoglobinuria,  (b)  Over  a  considerable  portion  of  the  period  of  time 
here  considered  it  was  my  custom  to  begin  quinin  very  shortly  .after  the 
disappearance  of  the  hemoglobinuria,  so  that  subsequent  examinations 
were  almost  necessarily  negative.  During  the  year  1912,  when  the 
interim  between  the  termination  of  the  hemoglobinuria  and  the  resump- 
tion of  quinin  was  longer  (five  to  seven  or  more  days),  blood  examina- 
tions were  made  more  frequently,  with  the  result  that  the  blood-slides  of 
seventy-nine  out  of  153  cases  of  blackwater  fever  showed  malarial  para- 
sites, a  percentage  of  51.5,  (c)  In  the  considerable  number  of  cases  in 
which  quinin  has  been  deliberately  withheld  for  the  purpose  of  making 
blood  examinations,  parasites  have  appeared  within  fourteen  days  in  all 
instances  save  one.  At  least  ten  such  experiments  were  made  within  the 
year  1912. 

(2)  No  case  of  blackwater  fever  has  been  observed  in  which  there  was 
not  a  history  of  a  fever,  apparently  malarial,  a  few  days  or  weeks  pre- 
viously. Almost  invariably  there  is  the  history  of  many  attacks  extend- 
ing over  many  months. 

(3)  In  no  instance  has  hemoglobinuria  been  observed  as  a  concomit- 
ant of  a  first  attack  of  malaria. 

Sick  men,  not  well  men,  are  the  ones  who  have  blackwater  fever. 
Men  who  have  lived  here  some  months,  who  are  anemic,  whose  spleens  are 
enlarged,  who  are  in  the  habit  of  having  fever  every  few  days  or  weeks, 
Avho,  as  a  rule,  take  quinin  irregularly  and  inadequately,  who  insist  on 
getting  up  and  about  their  businesses  immediately  after  a  malarial 
paroxysm — these  are  the  men  whom  one  soon  learns  to  classify  as  "black- 
water  candidates." 

BLACKWATER   FEVER  AND   THE   TERTIAN   PARASITE 

J.  \V.  W.  Stephens  has  attempted  to  account  for  the  absence  of  black- 
water  fever  in  Ceylon  by  the  rarity  of  the  estivo-autumnal  parasite  there.^ 
Deaderick  writes  that  "only  exceptionally  is  hemoglobinuria  associated 
with  the  benign  organisms."^*^  Christophers  and  Bentley,  in  explaining 
the  hemolysis,  assume  that  the  estivo-autumnal  parasite  is  the  primary 


9.  Castellani  and  Chalmers:    Manual  of  Tropical  Diseases,  p.  691. 
10.  Deaderick,  W.  H.:    A  Practical  Study  of  Malaria,  p.  153,  et  seq. 
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cause  of  the  condition.^^  Brem  states  that,  in  Panama,  the  estivo- 
autumnal  parasite  is  nearly  always  the  one  concerned.^^ 

There  is  a  general  tendency  to  regard  the  association  of  the  tertian 
parasite  with  blackwater  fever  as  accidental;  and  to  assume  that  the 
estivo-autumnal  parasite  must  also  be  present,  although  perhaps  not 
demonstrable  in  the  peripheral  circulation.^* 

It  is  believed  that  the  accompanying  tables  present  evidence  for 
regarding  the  tertian  parasite  as  a  factor,  at  least  as  important  as  the 
estivo-autumnal,  in  the  production  of  blackwater  fever.  Table  A  is  a 
record  of  the  blood  examinations  in  the  Candelaria  hospital  during  the 
past  twenty-sixth  months.     It  shows,  simply,  that  the  estivo-autumnal 

TABLE  I. — Record  of  Blood  Examinations  for  JIalaria  in  the  Candelaria 
Hospital,  from  September  to  October,  1912,  Inclusive 

Total  Blood  E.-A.  and 

Period  Examinations  E.-A.  Tertian  Quartan  Tertian 
Sept.  to  December 

(inclusive),  1910 2257  831                  359                  ..                  63 

Year  1911   8029  3130                1481                    6                181 

January  to  October 

(inclusive),  1912 6148  2027                 920                  10               147 

Totals 16434  5988  2760  16  391 

TABLE    2. — Blood   Examinations    of    Blackwater    Fever    Patients   in   the 
Candelaria    Hospital,    1910,    1911    and    1912 

Period  E.-A. 

1910— (deaths)    1 

(discharges)    ..  19 

1911— (deaths)    3 

(discharges)     .  24 
1912— Jan.  to   Oct., 

inc.   (deaths)  .  3 

(discharges)    ..  37 

Totals 87  74  17  205  58 

parasite  occurs  here  with  more  than  twice  the  frequency  of  the  tertian 
parasite.  Table  B  is  a  record  of  blood  examinations  in  the  blackwater 
fever  patients  during  the  same  period.  It  is  seen  that,  while  the  total 
occurrence  of  the  estivo-autumnal  parasite  is  twice  that  of  the  tertian, 
its  occurrence  in  patients  ill  of  blackwater  fever  is  only  slightly  greater 
than  that  of  the  tertian  parasite ;  that  is  to  say,  a  man  in  this  region  who 
harbors  the  tertian  parasite,  has  nearly  twice  the  liability  to  hemo- 
globinuria of  a  man  who  harbors  the  estivo-autumnal  parasite.  These 
blood-examinations  have  been  checked,  at  intervals,  over  considerable 
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periods  of  time,  by  Dr.  J.  S.  Forsythe,  Dr.  E.  J.  Whitaker  and  Dr.  A.  M. 
Wolcott.  During  the  past  eighteen  months  particular  attention  has  been 
paid  to  identification  of  the  species  of  parasite  in  cases  of  hemoglobinuria. 
It  is  believed  that,  assuming  the  malarial  origin  of  the  condition,  the 
number  of  cases  is  sufficient  to  justify  the  assertion  that  the  tertian 
parasite  cannot,  in  this  region,  be  excluded  as  an  important  factor  in 
blackwater  fever.  In  this  connection  it  may  be  well  to  state  that,  while 
the  tertian  parasite  is  apparently  not  concerned  in  any  of  our  cases  of 
"pernicious  malaria,"  it  is  here  an  extremely  persistent  infection.  More 
time  and  more  quinin  are  required  for  its  eradication  than  for  that  of 
the  estivo-autumnal  parasite.  In  saying  this,  I  am  not  unmindful  of 
the  fact  that  I  have  seen  crescents  persist  in  the  peripheral  circulation 
after  quinin,  in  full  doses  (30  to  40  grains),  had  been  given  daily  for 
three  weeks.  Every  physician  here  who  has  correlated  his  clinical  and 
his  laboratory  work  has  been  struck  by  the  rapid  blood  destruction  in, 
the  great  prostration  incident  to,  and  the  diabolical  persistence  of  tertian 
infections.  I  cannot  here  enter  into  the  proof  of  these  unorthodox 
statements.  I  set  them  down  because  I  believe  them  to  be  true  and 
because  of  their  bearing  on  a  question  which  has  not  had  the  consideration 
that  it  deserves,  viz.,  that  of  the  local  variations  of  malaria.  One  cannot 
read  the  treatment  of  malaria  as  set  forth  in  many  of  our  text  books 
without  being  struck  by  the  mildness  of  the  measures  considered  adequate 
to  cure  it. 

BLACKWATEE   FEVER  AND   QUININ 

The  association  of  quinin  in  this  series  of  cases  of  blackwater  fever 
has,  I  believe,  been  invariable.  Always  there  is  the  history  of  quinin 
in  one  or  more  small  or  large  doses  having  been  taken  a  few  hours  before 
the  onset  of  the  characteristic  symptoms.  Once  these  symptoms  have 
occurred,  however,  they  are  prone  to  recur  while  the  patient  is  still  in 
bed,  even  without  quinin  or  without  any  other  apparent  extrinsic  cause. 
At  times  these  recurrences  are  coincident  with  the  demonstrable  sporu- 
lation  of  a  group  of  malarial  parasites.  More  frequently  the  blood  is 
negative.  In  one  of  Whitaker's  cases,  there  were  six  such  recurrences 
spread  irregularly  over  three  weeks. 

Eecurrences  after  the  patient  is  up  and  about  —  that  is,  repeated 
attacks  —  seem,  here,  to  be  brought  about  in  the  same  manner  as  the 
first  attack;  they  follow  a  dose  of  quinin  taken  for  what  appears  to  be 
a  frank  demonstration  of  malarial  infection.  One  of  our  employees 
treated  successively  by  the  writer,  Forsythe,  Wolcott,  Nutter  and  Wliit- 
aker,  had  fourteen  such  attacks  in  three  years.  In  each  instance  a  dose 
of  quinin  was  followed  by  one  or  more  paroxysms  of  hemoglobinuria, 
which  paroxysms  were  in  turn  followed  by  a  temporary  cessation  of  the 
active  symptoms  of  malarial  infection. 
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Ili  an  intensely  malarial  region  it  is  of  course  quite  natural  that  a 
man  should,  when  he  begins  to  feel  ill,  forthwith  take  a  dose  of  quinin. 
Xevertheless,  we  do  receive  a  goodly  number  of  simply  malarial  patients 
who  have  not  taken  quinin;  we  do  not  receive  any  blackwater  patients 
who  have  not  taken  quinin  shortly  before  the  appearance  of  the  hemo- 
globinuria. It  is  by  no  means  an  uncommon  spectacle  to  see  a  malarial 
subject  develop  blackwater  fever  in  the  hospital  after  the  administration 
of  quinin.  For  the  past  three  years  I  have  used  the  hydrochlorid  of 
quinin  almost  exclusively,  except  for  intra-muscular  injections.  To  see 
the  urine  of  a  malarial  patient  become  hemoglobinous  after  the  admin- 
istration of  quinin  hydrochlorid  has  been,  in  this  hospital,  an  event  too 
common  for  more  than  a  passing  comment. 

EACIAL  AND  PERSONAL  INCIDENCE 

The  well-known  relative  immunity  of  the  negro  and  negroid  races  to 
blackwater  fever  is  very  well  sho\vn  by  our  records.  Of  26,656  admis- 
sions for  all  causes  in  the  past  forty-six  months,  there  were  4,537  West 
Indian  patients.  These  contributed  only  five  to  493  cases  of  blackwater 
fever.  Two  of  these  were  full-blooded  negroes.  Among  5,751  Brazilian 
admissions,  there  were  fifty-two  cases  of  blackwater  fever.  The  white 
Brazilians  and,  to  a  lesser  degree,  those  of  mixed  white  and  Indian  blood, 
are  the  ones  in  whom  the  disease  occurs.  The  possession  of  negro  blood 
seems  to  confer  an  almost  absolute  immunit3\  The  possession  of 
aboriginal  Indian  blood  confers  only  a  certain  degree  of  immunity. 

During  the  same  period  among  6,121  admissions  to  our  Spanish 
ward,  there  were  245  cases  of  blackwater  fever;  that  is  to  say,  23  per 
cent,  of  the  total  admissions,  for  all  causes,  furnished  50  per  cent,  of 
the  blackwater  fever  patients. 

Among  14,759  European  and  white  ISTorth  American  admissions,  there 
were  390  cases  of  blackwater  fever.  The  Spaniards  forming  41  per  cent, 
of  the  white  admissions,  yielded  60  per  cent,  of  the  blackwater  fever. 
In  other  words,  the  liability  of  the  Spaniard  to  blackwater  fever  is,  here, 
twice  that  of  other  white  men.  It  is  more  than  50  per  cent,  greater  than 
that  of  the  Portugese.  It  is,  of  course,  absurd  to  consider  the  remark- 
ably high  incidence  of  the  condition  among  the  Spaniards  as  due  to  any 
special  racial  susceptibility.  The  explanation  lies  in  the  character  and 
habits  of  the  Spanish  laborer.  WTiere  another  man  would  be  glad  to  go 
to  the  hospital,  the  Galician  peasant,  when  he  is  working  by  contract,  will 
dose  himself  with  quinin  and  continue  to  work.  He  will  not  sleep  under 
a  mosquito  net  and  is,  therefore,  being  constantly  reinfected  with  malaria. 
He  takes  a  great  deal  of  quinin  irregularly.  He  is,  more  than  any  of  his 
fellow  laborers,  a  half-treated  subject  of  chronic  malaria. 

Our  Greek  laborers,  who  take  10  grains  of  quinin  daily  with  clock-like 
regularity,  are  relatively  free  from  malaria  and,  therefore,  from  hemo- 
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globinuria.  This  I  think,  is  not  due  to  any  racial  immunity,  but  to  their 
character  and  habits;  that  is,  their  obedience  to  instructions  in  the 
matters  of  mosquito  protection  and  quinin  prophylaxis.  The  liability  of 
the  Greek  to  blackwater  fever  in  his  own  country  is  notorious. 

The  transient  character  of  a  population  of  railroad  employees  in  the 
tropics  makes  it  difficult  to  present  figures  which  show  accurately  the 
manner  in  which  length  of  residence  in  this  region  affects  the  incidence 
of  blackAvater  fever.  In  general,  people  not  previously  infected  with 
malaria,  do  not  suffer  from  hemoglobin  uric  fever  until  after  eight  or  ten 
months  here.  Individual  history  with  reference  to  malarial  infection 
and  the  treatment  thereof  appears  to  determine  susceptibility.  The 
condition  developed  in  one  of  my  patients  ten  weeks  after  his  arrival, 
but  he  had  had  a  severe  attack  of  malaria  two  weeks  after  arriving  and 
recurrent  attacks  weekly  until  the  onset  of  the  hemoglobinuria. 

One  may  say,  then,  that  here  the  negroids  have  an  almost  absolute 
immunity  to  blackwater  fever;  that  the  people  originating  from  the 
aboriginal  inhabitants  have  a  considerable  relative  immunity,  and  that 
there  is  a  distinct  personal  immunity  among  Europeans  and  white 
North  Americans,  conferred  by  the  prophylaxis  and  proper  treatment  of 
malaria. 

THE   TREATMENT   OF  BLACKWATEK   FEVER 

The  first  question  here  is  the  much  vexed  one  of  quinin.  All  discus- 
sion is  futile  save  that  which  presents  actual  figures  for  comparison. 

During  the  year  1908,  ten  cases  of  blackwater  fever  were  treated  here 
by  the  method  of  giving  quinin  as  in  ordinary  malaria.  Of  these,  three 
died.  During  the  year  1909,  sixty-eight  cases  were  treated  here;  some 
with  and  some  without  quinin.  Of  these,  seventeen  died.  Our  mortality, 
up  to  Dec.  31,  1909,  was,  then,  25.6  per  cent.  At  this  time  I  felt  that  it 
was  justifiable  to  give  quinin  to  a  blackwater  fever  patient.  Eeports  of 
cases  treated  in  Panama  by  the  quinin  method  had  shortly  before  been 
published,^  and  the  canons  of  Bastianelli,  pronounced  "sensible"  by 
Manson,  and  quoted,  apparently  with  approval,  by  Osier,  enjoined  quinin 
whenever  parasites  were  found  in  the  patient's  blood. 

Toward  the  end  of  the  year  1909  it  was  decided  to  treat  all  cases  of 
blackwater  fever  without  quinin,  whether  or  not  parasites  were  present. 
Except  in  two  or  three  regretted  instances  this  decision  has  been  adhered 
to.  Disregarding  these,  436  cases  have  been  treated  without  quinin.  Of 
these,  fifty-one  have  died  —  a  mortality  of  11.6  per  cent. 

J.  W.  W.  Stephens^*  gives  the  mortality  of  blackwater  fever  at  from 
10  to  20  per  cent.  Deaderick  cites  1,006  patients  treated  without  quinin, 
with  a  mortality  of  11.1  per  cent.;  472  patients  treated  with  quinin,  with 
a  mortality  of  25.9  per  cent.,  and  3,210  patients  treated  by  both  methods 


14.  Osier's  Modern  Medicine,  i,  p.  449. 
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with  a  mortality  of  21.3  per  cent.  Considering  that  nearly  all  of  the 
patients  treated  in  this  hospital  were  drawn  from  immigrant  railroad 
laborers,  who  worked  under  a  tropical  sun,  lived  crowded  together  in 
hastily  improvised  huts  and  tents,  and  suffered  much  from  the  ravages 
of  beriberi  and  bacillary  dysentery,  it  is  believed  that  a  death  rate  of 
11.6  per  cent.,  under  a  non-quinin  regime,  is  sufficient  reason  for  ques- 
tioning'the  soundness  of  Bastianelli's  off-quoted  rule  that  quinin  should 
be  given  to  a  patient  with  hemoglobinuria  if  parasites  are  present  in  the 
peripheral  circulation. 

But  it  is  not  only  empirically  that  this  rule  is  unsound;  it  is  an 
indisputable  fact,  as  shown  by  Stephens,  that  malarial  parasites  are  prac- 
tically always  present  in  the  peripheral  blood  of  blackwater  patients  in. 
the  beginning  of,  or  just  before,  the  attack,  and  that  they  disappear  from, 
or  become  scarce  in  the  peripheral  blood  very  soon  after  the  urine  becomes 
hemoglobinous.  Indeed,  a  paroxysm  of  hemoglobinuria  in  a  malarial 
patient  may  be  compared  to  a  single  intravenous  injection  of  salvarsan 
in  a  syphilitic  patient.  The  parasites  disappear  more  or  less  from  the 
blood  of  the  former,  just  as  the  spirochetes  do  from  the  lesions  of  the 
latter.  If,  then,  one  sees  his  patient  at,  say  8  a.  m.,  parasites  will  be 
present,  and  quinin  should  be  given.  If  he  does  not  see  him  until  noon, 
the  parasites,  with  their  containing  cells,  will  have  been  destroyed. 
Therefore,  quinin  should  not  be  given.  The  rule  is,  itself,  prima  facie 
evidence  that  its  author  believed  quinin  capable,  under  certain  conditions, 
of  inducing  hemoglobinuria,  yet  the  administration  of  the  drug  is  made 
to  depend  on  whether  the  physician  sees  his  patient  one  hour  or  four 
hours  after  the  hemoglobinuric  condition  has  developed. 

The  truth  is  that  this  teaching  was  a  groping,  tentative  half-step  in 
the  right  direction;  in  the  right  direction  because  it  prescribed  what  not 
to  do  in  about  one-half  the  cases.  In  the  light  of  present-day  knowledge 
it  is  irrational.  In  the  light  of  the  actual  recorded  experience  of  physi- 
cians the  world  over  it  is  a  dangerous  teaching  and  it  should  disappear 
utterly  from  the  text-books  of  medicine. 

The  foregoing  applies,  of  course,  to  the  treatment  of  blackwater  fever 
during  the  period  of  hemoglobinuria.  Wlien  this  has  cleared  up,  when 
hemoglobin  casts  are  no  longer  to  be  found  and  when  the  icterus  has 
more  or  less  disappeared,  the  question  of  treating  the  malaria  —  which 
question  was  solved  temporarily  by  the  destruction  of  a  great  many  of 
the  parasite-containing  corpuscles  —  will  have  to  be  met.  (It  was  met  in 
one  of  my  wards  since  this  paper  was  written  by  the  intramuscular  injec- 
tion of  7I/2  grains  of  quinin.  In  two  hours  the  hemoglobinuria  reappeared 
and  that  night  the  patient  died.)  Quinin  will  have  to  be  given,  but  there 
need  be  no  hurry  about  beginning  it.  If  parasites  reappear  in  the  blood, 
they  will  be  scant.    Usually  their  presence  will  be  attended  by  little  or 
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no  constitutional  disturbance,  even  during  sporulation,  provided  the 
patient  be  kept  at  rest.  There  may  be  a  chill  and  fever,  but,  as  a  rule, 
the  fever,  even  though  the  parasites  be  of  the  estivo-autumnal  type,  will 
be  intermittent  or  markedly  remittent.  It  is  not  dangerous.  The  danger 
lies  in  the  more  or  less  unavoidable  resumption  of  the  quinin  which 
precipitated  the  paroxysm  of  hemoglobinuria.  Neither  parasites  in  the 
blood,  nor  chill  and  fever,  with  or  without  parasites,  indicate  quinin 
until  the  urine  has  been  clear  for  several  days.  Of  course,  the  blood 
should  be  examined  daily,  in  the  exceedingly  remote  event  that  a  heavy 
infection  might  reveal  itself.  It  is  our  practice  here  to  begin  with  one- 
grain  doses  of  quinin  tannate  three  times  a  day  and  gradually  to  work 
up  to  20  or  30  grains  of  the  hydrochlorid  daily.  The  tannate  is  chosen, 
not  because  it  is  a  tannate,  but  because  it  is  the  weakest  of  the  salts  of 
quinin. 

From,  the  foregoing  one  may  see  that  I  have  the  following  working 
conception  of  blackwater  fever :  It  is,  as  Stephens  says,  a  condition,  not 
a  disease;  a  condition  incident  to  an  heroic  effort  of  Nature  to  rid  the 
organism  of  the  products  of  long-continued,  and,  perhaps,  "exalted," 
malarial  infection. 

GENERAL    TREATMENT 

The  general  treatment  of  the  condition  is  nearly  as  important  as  the 
abstinence  from  quinin.  The  chief  indications  are  two :  to  supply  water 
abundantly  and  to  nurse  carefully.  On  account  of  the  distressing  vomit- 
ing, it  is  usually  necessary  to  supply  the  water  as  normal  saline  solution 
by  bowel,  by  hypodermoclysis,  or  intravenously,  according  to  the  urgency 
of  the  case.  As  a  rule,  the  ''Murphy  drip,'"'  given  continuously,  at  the 
rate  of  75  drops  to  the  minute,  is  quite  satisfactory.  The  vomiting  and 
hiccough  are  frequently  distressing  symptoms  difficult  to  meet.  For  the 
vomiting  the  best  treatment  is  to  refrain  from  putting  anything  whatever 
into  the  stomach  and  to  put  a  mustard  plaster  over  it.  If  these  fail,  it  is 
well  to  make  the  patient  drink  a  glass  of  water,  into  which  two  or  three 
drams  of  bicarbonate  of  soda  are  dissolved.  After  this  is  vomited  more 
or  less  relief  frequently  ensues.  Should  these  simple  measures  prove 
unavailing,  the  changes  may  have  to  be  rung  on  the  usual  remedies  and 
the  usual  morphin  finally  resorted  to.  It  is,  however,  distinctly  harmful 
and  we  should  turn  to  it  only  in  despair. 

Digitalis  and  caffein,  both  given  intramuscularly  and  in  full  doses, 
are  of  decided  value  in  the  progressive  heart  weakness,  and  as  promoters 
of  renal  activity,  Yorkes'"  studies  on  the  mechanism  of  the  suppression 
of  urine  in  blackwater  fever  have  shown  very  clearly  the  importance  of 
sustaining  a  relatively  high  blood-pressure  by  means  of  fluids  and  of 
these  drug's. 


15.  Yorke,  Warrington:     Brit.  Med.  Jour.,  1911,  ii,  1272. 
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Careful  intelligent  nursing  that  saves  every  particle  of  the  patient's 
strength  is  of  immeasurable  value.  A  blackwater  patient  is  emphatically 
a  bed  patient.  He  should  be  carefully  watched  not  only  during  the 
period  of  hemoglobinuria,  but  for  many  days  thereafter.  Sudden  death, 
by  acute  cardiac  dilatation,  during  convalescence,  as  a  sequence  of  getting 
out  of  bed,  occurred  in  three  of  our  cases. ^'^ 

QUININ   PROPHYLAXIS  AXD  BLACKWATER   FEVER 

"WTioever  has  read  thus  far  has  probably  been  struck  by  two  things : 
(1)  the  remarkably  high  incidence  of,  in  Deaderick's  phrase,  the  "mystic 
syndrome"  among  our  employees,  and  (2)  the  large  size  of  the  prophyl- 
actic doses  of  quinin  that  we  urge  on  them. 

The  principle  of  the  prophylaxis  of  malaria  by  means  of  quinin  does 
not,  I  think,  need  discussion.  Without  this  measure,  the  present  success- 
ful attempt  to  build  the  Madeira-Mamore  Railroad  would  have  ended  in 
failure,  as  did  the  three  previous  attempts.  I  have  been  in  the  habit  of 
urging  all  employees,  not  protected  by  screened  houses,  to  take  10  grains 
of  quinin  daily,  for  the  simple  reason  that  smaller  doses  have,  by  actual 
trial,  in  the  persons  of  thousands  of  men,  been  found  to  be  far  less 
efficient.  Unfortunately,  our  organization  is  a  civil,  not  a  military  one. 
We  cannot  compel  our  people  to  take  quinin  except  when  they  are  in  the 
hospital.  We  must  rely  on  moral  suasion.  The  result  is  that  some  of 
our  employees  take  10  grains  of  quinin  daily ;  a  larger  number  of  them 
take  it  irregularly,  and  a  not  inconsiderable  number  of  them  take  abso- 
lutely no  quinin,  except  when  they  are  sick  in  bed.  Now,  we  know,  by 
careful  observation  extending  over  five  years,  that  among  our  regular 
takers  of  quinin,  blackwater  fever  is  exceedingly  rare.  It  does  occur 
among  them  sometimes,  but  in  these  individuals  there  is  always  the 
history  of  many  mild  attacks  of  malaria,  extending  over  many  months, 
in  spite  of  the  daily  quinin.  Of  those  who  take  a  good  deal  of  quinin 
irregularly,  and  among  whom  the  incidence  of  the  condition  is  very  high 
—  4  per  cent,  of  all  admissions  for  all  causes  —  the  Spanish  laborer  is 
preeminent.  I  have  already  touched  on  this  man's  habits.  In  the  first 
place  he  will  not  begin  prophylactic  doses  of  quinin  until  after  malarial 
infection  has  already  revealed  itself  in  the  form  of  a  series  of  blood- 
destroying  paroxysms.  This,  I  may  here  say,  is  the  serious  drawback  to 
the  prophylaxis  of  malaria  by  means  of  quinin;  it  takes  a  good  stiff 
attack  to  teach  the  average  man  —  American  foreman  as  well  as  Spanish 
peasant  —  that,  except  in  our  towns  where  antimosquito  work  has  been 
done,  he  must  take  quinin  daily  in  order  to  live  and  work  here.  After 
two  or  thee  sporulations  have  occurred  the  mischief  has  been  done,  and 
the  only  way  to  keep  your  man  from  becoming  a  subject  of  chronic 


16.  The  many  interesting  qnestions  connected  witli  post-homoglobinuiic  fever 
are  deferred  for  future  considenition. 
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]iialaria  and,  therefore,  a  candidate  for  blackwater  fever,  is  to  put  him 
in  the  hospital  and  give  him  30  grains  of  quinin  every  day  for  two  or 
three  weeks.  To  return  to  our  Spaniard :  after  having  had  a  few  attacks 
of  malaria  he  begins  taking  quinin  irregularly  and  resumes  the  pick  and 
shovel.  Malarial  paroxysms  recur  every  one  or  two  weeks.  As  he  uses 
the  mosquito  net,  which  we  have  forced  on  him,  as  a  pillow  instead  of 
as  a  protection  against  mosquitoes,  he  is  constantly  being  reinfected. 
Every  attack  saps  more  and  more  of  his  vitality.  Finally  comes  the 
state  described  by  Stephens,  that  "condition  in  which  quinin,  other  drugs, 
cold,  or  even  exertion,  may  produce  a  sudden  destruction  of  red  cells." 
In  my  cases,  however,  the  exciting  cause  has  always  been  quinin. 

Among  those  of  white  blood  who  take  quinin  only  when  they  are 
compelled  to  do  so,  blackwater  fever  is  common.  The  condition  developed 
in  one  of  our  patients  —  a  Christian  Scientist  —  after  a  single  dose  of  5 
grains  of  quinin  had  been  taken.  The  man  had,  in  camp,  two  previous 
definite  and  separate  attacks  of  chill  and  fever.  On  the  third  attack, 
at  the  entreaties  of  his  friends,  his  religious  scruples  weakened,  and  he 
took  5  grains  of  quinin.  In  a  few  hours  hemoglobinuria  supervened  and 
the  next  day  he  died.  This  5-grain  capsule  of  quinin  was  the  only  quinin 
the  man  had  ever  taken  in  his  whole  life.  I  do  not  know  absolutely  that 
the  two  previous  definite  attacks  of  chill  and  fever  were  malarial,  but,  if 
they  were  not,  then  this  man  was  the  only  one  of  the  party  of  engineers 
who  escaped  malaria  during  that  period.    No  autopsy  was  held. 

Blackwater  fever  is  increasing  among  our  employees.  Its  incidence 
is  three  times  as  high  this  year  as  it  was  in  the  year  1909 ;  but  in  1909, 
when  a  man  had  had  a  few  attacks  of  malaria,  he  usually  left  the  region. 
This  condition  of  affairs  does  not  now  obtain.  We  are  acquiring  a  popu- 
lation of  men  who  have  been  here  more  than  one  year,  men  who,  by 
reason  of  their  intensely  malarial  surroundings  and  their  failure  t<? 
carry  out  the  quinin  prophylaxis  properly,  have  become  "blackwater 
candidates." 

SUMMARY 

1.  There  exists  a  deplorable  confusion  as  to  the  cause  and  treatment 
of  blackwater  fever. 

3.  So  far  as  may  be  indicated  by  this  series  of  514  cases,  malarial 
infection  stands  in  a  direct  causal  relation  to  blackwater  fever. 

3.  Blackwater  fever  is  not  due  to  a  particular  species  of  malarial 
parasite. 

4.  Quinin,  in  large  or  small  doses,  was,  in  this  series,  an  invariable 
antecedent  of  the  hemoglobinuric  condition. 
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5.  Under  no  circumstances^^  should  quinin  be  given  to  a  blackwater 
fever  patient  during  the  period  of  hemoglobinuria,  nor  for  several  days 
thereafter.  The  effect  of  the  paroxysm  of  hemoglobinuria  is,  itself,  that 
of  a  drastic,  but  temporary,  therapeutic  agent,  decimating  the  malarial 
parasites  in  the  patient's  blood  much  as  a  single  intravenous  injection 
of  salvarsan  decimates  the  spirochetes  of  s}'philis  in  the  lesions  of  that 
disease. 

6.  Quinin,  cautiously  begun,  -will  be  necessary,  but  it  should  not  be 
begun  until  several  days  after  the  urine  has  become  free  from  hemoglobin. 

7.  Measures  which  sustain  the  blood-pressure  are  urgently  indicated 
during  the  period  of  hemoglobinuria.  Of  these,  normal  saline  solution 
given  by  bowel,  subcutaneously,  or  intravenously,  is  chief.  Digitalis 
and  caffein  are  of  decided  value. 

8.  The  prophylaxis  of  malaria  is  the  prophylaxis  of  blackwater  fever. 
Candelaria  Hospital. 


17.  Since  this  paper  was  written  I  have  read  a  report  of  J.  B.  Cardamatis. 
Sixty-five  physicians  report  1,906  cases  of  blackwater  fever  treated  with  quinin, 
with  255  deaths,  a  mortality  of  23.6  per  cent.  Forty  physicians  report  1,066 
cases  treated  without  quinin,  with  80  deaths,  a  mortality  of  only  7.5  per  cent. 
Cardamatis,  John  P.:    Bull.  Soc.  de  path,  exotique,  1910,  iii,  104. 
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